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ABSTRACT

Thi s handbook provides basic criteria for the estinmation of |oadings
to be used in the design of civil engineering structures. It is

i ntended for use by experienced architects and engineers. The
contents include criteria relating to conbining | oads for purposes of
desi gn and suggested limtations on deflections.
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FOREWORD

Thi s handbook has been devel oped froman evaluation of facilities in
the shore establishnment, from surveys of the availability of new
materials and construction nethods, and from sel ection of the best
design practices of the Naval Facilities Engi neeri ng Command

( NAVFACENGCOM), ot her Governnent agencies, and the private sector.
Thi s handbook uses, to the maxi num extent feasible, national

pr of essi onal society, association, and institute standards.

Do not deviate fromthis handbook w thout prior approval of
NAVFACENGCOM Code 15C. Recommendations for inprovenent are
encouraged fromw thin the Navy and fromthe private sector and
shoul d be furnished on the DD Form 1426 provi ded inside the back
cover to Oficer in Charge, Naval Facilities Engi neering Service
Center, East Coast Detachnent, M. Robert Prince, Code O0O0CE,

901 M Street, Building 218, Washington, DC 20374-6018,

t el ephone commercial (202) 433-8761.

TH' S HANDBOOK SHALL NOT BE USED AS A REFERENCE DOCUMENT FOR
PROCUREMENT OF FACI LI TIES CONSTRUCTION. I T IS TO BE USED I N THE
PURCHASE OF FACI LI TI ES ENG NEERI NG STUDI ES AND DESI GN ( FI NAL PLANS,
SPECI FI CATI ONS, AND COST ESTI MATES). DO NOT REFERENCE I T I N M LI TARY
OR FEDERAL SPECI FI CATI ONS OR OTHER PROCUREMENT DOCUMENTS.
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STRUCTURAL ENG NEERI NG CRI TERI A MANUALS

Criteria
Manual Title P/ A
M L- HDBK- 1002/ 1 Structural Engi neering Ceneral NAVFAC
Requi renent s
M L- HDBK- 1002/ 2 Loads NAVFAC
M L- HDBK- 1002/ 3 Steel Structures NORTHDI V
DM 2. 04 Concrete Structures LANTDI V
M L- HDBK- 1002/ 5 Ti mber Structures NORTHDI V
M L- HDBK- 1002/ 6 Al um num Structures, Masonry NORTHDI V
Structures, Conposite Structures,
and Gt her Structural Mterials
Dvt 2. 08 Bl ast Resistant Structures NORTHDI V
DMt 2. 09 Masonry Structural Design for ARMY
Tri-Service, TM 5-809-3,
AFM 88-3, Chap 3
NOTE: Design manuals, when revised, will be converted to mlitary
handbooks.
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Section 1: | NTRODUCTI ON

1.1 Scope. This handbook prescribes criteria for estimting

| oadi ngs used in the design of civil engineering structures,

i ncluding tenporary and prefabricated structures. This handbook is
not conplete in itself; special |oadings and special design criteria
relating to specific types of structures (waterfront structures and
ai rport pavenents, for exanple) are presented in the various topical
manual s and mlitary handbooks which are a part of this series.
Consult these manual s and handbooks where applicabl e.

1.2 Cancellation. This handbook, M L-HDBK-1002/2A, dated
15 Cctober 1996, cancels and supersedes M L-HDBK-1002/2, dated Septenber
1988.
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Section 2: DEAD LOADS

2.1 Definition. The term"dead |oad" refers to the weights of
integral materials and equi pment (including the structure's own

wei ght) supported in, or on, a structure and intended to remain
permanently in place.

2.2 Unit Weights. Table 1 provides unit weights of various
construction materials. Table 2 provides m ni num desi gn dead | oads
for assenbl ed construction el enents.

2.3 Al l owance for Partitions. The weights of partitions are
considered to be dead | oad. Provide for actual weights of

partitions, as shown on the architectural plans for a building in the
desi gn.

2.3.1 Uni form Load Equi valents. The uniformload equival ents
listed below may be used in lieu of actual partition weights, except
in the follow ng cases: (1) bearing partitions; (2) in toilet room
areas (other than in one- and two-fam |y residences); (3) in stair,
el evator, and simlar core areas; or (4) in areas where partitions
are concentr at ed.

Equi val ent Uni form Load (psf) [kPa]
Partition Weight (plf) [NNmM To be added to floor dead and |ive

| oads)
50 [730] or less 0 [0]
51 to 100 [740 to 1460] 6 [.29]
101 to 200 [1470 to 2920] 12 [.57]
201 to 350 [2930 to 5110] 20 [.96]
G eater than 350 [5110] Use actual concentrated live | oads.

In office or public buildings, or in other occupancies
where partitions are likely to be subject to rearrangenent or
alteration, the m nimum all owance for the weight of partitions shal
be a uniformload equival ent of 20 pounds per square foot (psf)
[.96 kPa].

2.3.2 Nonconcurrence. Design live |oads nmay be omtted fromthe
strip of floor area under each partition.

2.4 Service Equipnent. Include in the dead | oad the wei ghts of
bui | di ng servi ce equi pnent, including: plunbing, stacks, piping,
heating and air conditioning equi pnment, electrical equipnent,

2
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el evators, elevator machinery, flues, and simlar fixed equipnent.
Consi der the weight of equipnent that is part of the tenant occupancy
of a given area as |live |oad.

2.5 Soil and Soil Mdisture. Unless test data is available to
i ndicate otherwi se, the unit weight of dry soil shall be 110 pounds
per cubic foot (pcf) [1800 kg/cu. n], and the unit wei ght of
saturated soil shall be 135 pcf [2200 kg/cu. nj.

Table 1
Unit Weights
Mat eri al pcf* Mat eri al pcf*
Metal s, alloys, ores: Hem ock 29
Al um num cast, hanmered 165 Hi ckory 49
Brass, cast, rolled 534 Locust 46
Bronze, 7.9 to 14% Sn 509 Mapl e, hard 43
Bronze, al um num 481 Mapl e, white 33
Copper, cast, rolled 556 Cak, chest nut 54
Copper ore, pyrites 262 Cak, live 59
ol d, cast, hammered 1205 Cak, red, black 41
ol d, bars, stacked 1133 Cak, white 46
Gol d, coin in bags 1084 Pi ne, Oregon 32
I ron, cast, pig 450 Pine, red 30
| ron, wrought 485 Pine, white 26
| ron, spiegel eisen 468 Pi ne, yellow, |ong-Ieaf 44
lron, ferrosilicon 437 Pine, yellow, short-leaf 38
Iron ore, hematite 325 Popl ar 30
Iron ore, hematite in bank 160-180 Redwood, California 26
Iron ore, hematite | oose 130- 160 Spruce, white, black 27
Iron ore, linobnite 237 Wal nut, bl ack 38
Iron ore, nagnetite 315 Wal nut, white 26
I ron sl ag 172 Masonry:
Lead 710 Cast - st one nmasonry
Lead ore, gal ena 465 (cenent, stone, sand) 144
Magnesi um al | oys 112 C nder fill 57
Manganese 475 Concrete plain:
Manganese ore, pyrolusite 259 Ci nder 108

*Mul tiply values in "pcf" by 16.02 to get "kg/cu. ni
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Tabl e 1 (Continued)
Unit Weights

Mat eri al pcf* MVat eri al pcf*
Mercury 849 gypsum | oose 53- 64
Monel netal 556 gypsum set 110

bank sl ag 67-72
Ni ckel 565 Sl ags, bank screenings 98- 117
Pl ati num cast, hanmered 1330 machi ne sl ag 96
Silver, cast, hammered 656 sl ag sand 49- 55
Silver bars, stacked 590 Terra cotta, architectural:
filled 120
Silver coin in bags 590 unfilled 72
Steel, cast or rolled 490 Soi | :
Tin, cast, hammered 459 par. 2.5
Tin ore, cassiterite 418 M ner al s:
Zinc, cast, rolled 440 Asbest os 153
Zinc ore, blende 253 Bar yt es 281
Basal t 184

Ti mber, U.S. seasoned: Sl ag 138

Moi sture content by weight: Stone (including gravel) 150
(Seasoned tinber, 15 to 20% Ashl ar masonry:
green tinber, up to 50% Granite, syenite, gneiss 185
Ash, white, red 40 Li nestone, marble 160
Cedar, white, red 22 Sandst one, bl uestone 140
Chest nut 41 Mortar rubbl e masonry:

Cypress 30 Granite, syenite, gneiss 155
Elmwhite 45 Li mnest one, marble 150
Fir, Dougl as 32 Sandst one, bl uestone 130
Fir, eastern 25 Dry rubbl e nasonry:

Sandst one, bl uestone 110 Granite, syenite, gneiss 130

Brick masonry: Li nestone, narble 125
brick 140 Stone, quarried, filled:

Common bri ck 120 Basalt, granite, gneiss 96

Concrete nasonry: Li nestone, nmarble, quartz 95
Cenent, stone, sand 144 Sandst one 82
Cement, slag, etc. 130 Shal e 92
ci nder, etc. 100 G eenstone, hornbl ende 107

Various building material s: Bi t um nous subst ances:
ci nders 40- 45 Asphal t um 81
portland, cenent, | oose 90 Coal , anthracite 97
portland, cenent, set 183 Coal , bitum nous 84

*Multiply values in

pcf" by 157.1 to get "N cu. nf
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Tabl e 1 (Continued)

Unit Weights

Mat eri al pcf* Mat eri al pcf*
Coal, lignite 78 Sal t pet er 67
Coal, peat, turf, dry 47 Starch 96
Coal, charcoal, pine 23 Sul fur 125
Coal , charcoal, oak 33 Wol 82
Coal , coke 75 Various |iquids:

Graphite 131 Al cohol 100% 49
Paraf fin 56 Acid, nmuriatic, 40% 75
Pet r ol eum 54 Acid, nitric, 91% 94
Petrol eum refined 50 Acid, sulfuric, 87% 112
Pet rol eum benzi ne 46 Coal , coke 23-32
Petrol eum gasoline 42 Various solids:

Pitch 69 Cereal s, oats-bulk 32
Tar, bitum nous 75 Cereal s, barl ey-bul k 39

Coal and coke, piled: Cereal s, corn, rye-bulk 48
Coal, anthracite 47-58 Cereal s, wheat - bul k 48
Coal , bitum nous, lignite 40- 54 Cor k, conpressed 14. 4
Coal , peat, turf 20- 26 Cotton, flax, henp 93
Coal , charcoal 10- 14 Fats 58
Bauxite 159 Fl our, | oose 28
Bor ax 109 Fl our, pressed 47
Chal k 137 d ass, conmon 156
Clay, marl 137 G ass, plate or crown 161
Dolonmte 181 G ass, plate or crown 161
Fel dspar, orthocl ase 159 G ass, crystal 184
Gnei ss, serpentine 159 Hay and straw - bal es 20
Granite, syenite 175 Leat her 59
Greenstone, trap 187 Paper 58
Gypsum al abaster 159 Pot at oes, piled 42
Hor nbl ende 187 Rubber, caoutchouc 59
Li nestone, narble 165 Rubber goods 94
Magnesi te 187 Lye, soda, 66% 106

Phosphat e rock, apatite 200 O 1, vegetable 58
Por phyry 172 Q1l, creosote 65
Pum ce, natural 40 al, fuel 60. 6
Quartz, flint 165 O 1, gasoline 46
Sandst one, bl uestone 147 Water, 4 C, max density 62.428
Shal e, slate 175 Water, sea water 64
Soapstone, talc 169 Water, ice 56
Salt, granul ated, piled 48 Water, snow, fresh fallen 8

*Mul tiply values in "pcf" by 157.1 to get

"N cu. nf
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Table 2

M ni mrum Desi gn Dead Loads for Assenbl ed El enments of Construction

WALLS"® psf” WALLS"® psf’
4-inch clay brick, 34 17-inch concrete brick, 174
hi gh absorption heavy aggregate
4-inch clay brick, 39 17-inch concrete brick 130
medi um absor pti on i ght aggregate
4-inch clay brick, 46 22-inch clay brick, 168
| ow absorption hi gh absorption
4-inch sand-1linme brick 38 22-inch clay brick, 194
4-inch concrete brick, 46 medi um absor pti on
heavy aggregate 22-inch clay brick, 216
4-inch concrete brick, 33 | ow absorption
i ght aggregate 22-inch sand-linme brick 173
8-inch clay brick, 69 22-inch concrete brick, 216
hi gh absorption heavy aggregate
8-inch clay brick, 79 22-inch concrete brick, 160
medi um absor ption i ght aggregate
8-inch clay brick, 89 4-inch brick, 4-inch |oad-bearing 60
| ow absorption structural clay tile backing
8-inch sand-1inme brick 74 4-inch brick, 8-inch |oad-bearing 75
8-inch concrete brick, 89 structural clay tile backing
heavy aggregate 4-inch brick, 8-inch | oad-bearing 75
8-inch concrete brick, 68 structural clay tile backing
I i ght aggregate 8-inch | oad-bearing 42
12-1/2-inch clay brick, 100 structural clay tile
hi gh absorption 12-inch | oad-beari ng 58
12-1/2-inch clay brick, 115 structural clay tile
medi um absor pti on 4-inch concrete bl ock, 30
12-1/2-inch clay brick, 130 heavy aggregate
| ow absorption 8-inch concrete bl ock, 55
12-1/2-inch sand-Iline 105 heavy aggregate
bri ck
12-1/2-inch concrete 130 12-inch concrete bl ock, 85
bri ck, heavy aggregate heavy aggregate
12-1/2-inch concrete 98 4-inch concrete bl ock, 20
brick, |ight aggregate | i ght aggregate
17-inch clay brick, 134 8-inch concrete bl ock, 35
hi gh absorption I i ght aggregate
17-inch clay brick, 155 12-inch concrete bl ock, 55
medi um absor pti on | i ght aggregate
17-inch clay brick, 173 2-inch furring tile, one side 12

1,2,3

See footnotes at end of table.
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Tabl e 2 (Conti nued)
M ni mrum Desi gn Dead Loads for Assenbl ed El enments of Construction

PARTI TI ONS™* psf* PARTI TI ONS™* psf*
3-inch clay tile 17 Wod studs, 2 x 4:
4-inch clay tile 18 12-inch o.c 2.1
6-inch clay tile 28 16-inch o.c. 1.7
8-inch clay tile 34 24-inch o.c. 1.3
10-inch clay tile 40 Wod studs, 2 x 4, 12
2-inch facing tile 15 pl astered one side
4-inch facing tile 25 Wod studs, 2 x 4, 20
6-inch facing tile 38 pl astered two sides
2-inch gypsum bl ock 9-1/2 Steel or wood st uds, 6
3-inch gypsum bl ock 10-1/2 5/ 8-inch gypsum board each side
4-inch gypsum bl ock 12-1/2 Steel or wood studs, 9
5-inch gypsum bl ock 14 2 layers 2-inch gypsum board
6-1inch gypsum bl ock 18 each side
2-inch solid plaster 20 d ass bl ock masonry:
4-inch solid plaster 32 4-inch gl ass-bl ock walls 18
4-inch holl ow pl aster 22 and partitions
4-inch concrete bl ock, 30 Steel partitions 4
heavy aggregate Asbest os hard board
(corrugated), 3
6-i nch concrete bl ock, 42 per 1/4-inch of thickness
heavy aggregate St one, 4-inch 55
8-inch concrete block, 55 Split furring tile:
heavy aggregate 1-1/2-inch 8
12-inch concrete bl ock, 85 2-inch 8-1/2
heavy aggregate Concrete sl abs:
4-inch concrete block, 20 Concrete, reinforced-stone, 12-1/2
I i ght aggregate per inch of thickness
6-inch concrete bl ock, 28 Concrete, reinforced-cinder, 9-1/2
I i ght aggregate per inch of thickness
8-inch concrete block, 38 Concrete, reinforced,
| i ght aggregate I i ghtwei ght, per inch of
t hi ckness 9
12-inch concrete bl ock, 55 Concrete, plain, lightweight 12
| i ght aggregate per inch of thickness
Concrete, plain cinder, 9

per inch of thickness

1,2,3

See footnotes at end of table.
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Table 2 (Continued)
Design Dead Loads for Assembled Elements of Construct
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Tabl e 2 (Conti nued)
M ni mrum Desi gn Dead Loads for Assenbl ed El enments of Construction

Floor finish and fill°® Fi ni sh

floor to Load,
top slab psf*
i nches®
7/ 8-i nch wood bl ock on stone- 4 40
concrete fill
1-inch cenent finish on stone- 4 48
concrete fill
1-inch terrazzo on stone-
concrete fill 4 48
Clay tile on stone-concrete
fill 4 48
Mar bl e and nortar on stone- 4 50
concrete fill
Hol | ow core pl anks (2) (2)

For masonry construction, add 5 psf [.24 kPa]

for each face pl astered.

2 Mul tiply values in "psf"” by .04788 to get values in "kPa."
° Mul tiply values in "inches" by 25.4 to get values in "mm"
* See manufacturer's data for sizes and wei ghts which are
avail abl e | ocal ly.

12
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2.6 Stability. For stability calculations (e.g., overturning,
sliding, and rotation), decrease estimtes of dead | oad by 10 percent
(0.90 load factor indicated in par. 10.3), and discount the foll ow ng
el enents of dead | oad:

a) Allowances for future addition or future wearing
cour se;

b) Allowances for fills and finishes, where such fills and
finishes are intended to be repl aced periodically;

c) Weight of overlying soil. Provide the required safety
factors identified in DM7.01, Soil Mechanics, and
DM 7. 02, Foundations and Earth Structures, assumng full overlying
soil in place. Additionally, provide a stability factor of 1.05,
with the weight of the overlying soil discounted. These val ues apply
under the design |oads. Exception: for cases in which the weight (or
passive resistance) of the soil will clearly be a design
consideration in future excavations, |esser stability factors are
permtted.

13
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Section 3: LIVE LOADS (| NCLUDI NG LI VE LOAD REDUCTI ON)

3.1 Definition. Live |loads include all |oads (vertically down,
vertically up, and lateral) incident to the occupancy and use of a
structure. Live |loads exclude forces incident to the environnent
(e.g., snow, wind, rain, earthquake, streamflow, waves, ice, the

i npact of berthing, the weight and | ateral pressure due to earth).
Consi der centrifugal traction, braking, and inpact forces as
incidental to (and a part of) the live load effect. For definitions
of Class A, Cass B, and Cass C Structures, refer to M L- HDBK-
1002/1, Structural Engineering General Requirenents.

3.2 G ass A Structures. The provisions of the American
Associ ation of State H ghway and Transportation Oficials (AASHTO
and Anerican Railway Engi neering Association (AREA) design standards

apply.

3.3 G ass B Structures

3.3.1 Snow Load. Refer to Section 5.
3.3.2 Wnd Load. Refer to Section 7.
3.3.3 Roof Loads

a) Concurrence. Concurrent with snow | oad, provide the
design of roofs for | oads incident to ponding of rainwater. Non-
concurrent wth snow | oad, provide for the |loads incident to the
wei ght of people, materials, and equi pnment necessary to neke repairs
during the service |life of the roof. The weight of people,
materials, and equi pnment necessary to make repairs during the service
life of the roof also are considered as non-concurrent with the
desi gn wi nd | oad.

b) Ponding. Calculate the |oad due to ponding on the
basis of the flexibility of the roof structure, an initial deviation
froma plane or sloped surface of at least 1-1/2 inches [38 m, and
t he adequacy of the drai nage system (the provisions of M L-HDBK-
1002/ 1 notwi thstanding, a stormof 50 year recurrence interval shal
be consi dered).

c) Mninmum Design Load. The purpose of a m ni num desi gn
load is to provide for the weight of people, materials, and
equi pnent .

14
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Make all owance in the design of secondary framng (e.qg.
roof deck and rafters) for a mninmum| oad of 15 psf
[.72 kPa] for roof slopes of 1 vertical to 2 horizontal, or steeper;
and 20 psf [.96 kPa] for flatter roofs; each coupled with a
concentrated | oad of 250 pounds [1110 N] on a 24-inch [610 nm by 24-
inch [610 nm{ area. For main nenbers (e.g., trusses and arches) the
m ni mum desi gn | oad may be reduced to 12 psf
[.57 kPa].

These provisions for mninmum | oad do not apply if special
scaffol ding, runners, or simlar device is provided as a work surface
for worknen and materials during construction and repair operations.

3.3.4 Uniformy Distributed Loads. The live |oads to be assuned
in the design of Cass B Structures are the maxi mum |l oads likely to
be i nmposed by the intended use or occupancy, but not |ess than those
indicated in Table 3.

3.3.5 Thrusts on Handrails. Design both exterior and interior
stairway and balcony railings to resist a sinultaneous vertical and
hori zontal thrust of 50 pounds per |inear foot

[ 730 N mm] applied to the top rail. For one- and two-famly

dwel l'ings, the thrusts shall be 20 pounds per linear foot

[290 N nj.

3.3.6 Concentrated Loads

a) Consider application of a concentrated |load in the
design of a sidewal k. The concentrated |oad to be considered is the
maxi mum wheel | oad which reasonably could nount the sidewal k, but
applied without inpact. Use this concentrated |oad in the design of
appurtenant conponents of sidewal ks (e.g., manhol es, manhol e covers,
vault covers, and gratings).

b) Driveways shall be considered Cass A Structures.

c) Accessible, open-web steel joists over garages or
manuf acturi ng spaces shall be capabl e of supporting an 800- pound
[ 3560 N] concentrated | oad placed at any bottom chord panel point,
applied concurrently with the other live loads. This |load shall be
considered a | oad of infrequent occurrence. Note that this
requi renment normally will require reinforcing the panel point
connections of joists of standard design; this requirenent should be
stated on the construction plans.

15
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Table 3
Uni form Li ve Load Requirenents for Special Occupancy

OCCUPANCY OR USE LI VE LOAD
(psf) [kPa]

Arnories (see Drill Halls)
Assenbly area (including theaters)

Fi xed Seats (fastened to floor). . . . . . . . . . . . . 60 2.9

Movabl e seats. . . . . . . . . . . . . . . . . . . . . . .100 4.8

Lobbies. . . e K 0 ¢ 4.8

Pl at f or ns (assenbly) . N 0 [0) 4.8

Stage floors . . . e e . . . . . . . . . . . 150 7.2
Aut omati c data proce55|ng roons e R 510 7.2
Bag storage . . e 245 6.0
Bal coni es, one- and tmo fanily resi dences and not exceedi ng

100 sq. ft. [9.3 sq. n] e e e e e 60 2.9
Bal conies, other. . . . e 00 4.8
Bakeries, general area. . . . . .. . . . . . . . . . . . . 100 4.8
Bakeries, storage area. . . . . .. . . . . . . . . . . . . 200 9.6
Bar ber shop Coe e e e e e 75 3.6
Barracks and dornltorles

partitioned. . . . . . . . . . . . . . . .. 00 40 1.9

non-partitioned, including allowances for future. . . . . .60 2.9

partitions

corridors. . . . e e e e . . .. ... . . . . . . . 100 4.8
Battery chargi ng roon1 2 0 0] 9.6
Boi | er houses . . 24 0 0 9.6
Bow i ng al | eys, poolroons, and simlar recreation areas . 75 3.6
Car wash rooms. . . . . . . . . . . . ... 75 3.6
Cant eens, general area. . . . . . . . . . . . . . . . .. 100 4.8
Canteens, storage area. . . . . . . . . . . . . ... 200 9.6
Catwal ks, buildings . . . . . . . . . . . . . . . . . .. 25 1.2
Catwal ks, Marine. . . . . . . . . . . . . . . . . ... 50 2.4
Chapel s

A sles, corridors, and |l obbies . . . . . . . . . . . . . 100 4.8

Balconies . . . . . . . . . . L L0 LLs 60 2.9

Fi xed seats. . . C e e e 60 2.9

Ofices and nlscellaneous roons C e e e 40 1.9
Cobbler shop. . . . . . . . . . . .. . . . . . . . . . .. 100 4.8
Conputer roons. . . . . . . . . . .. . . . . . . . . . . . 100 4.8
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Tabl e 3 (Conti nued)
Uni form Li ve Load Requirenents for Special Occupancy

OCCUPANCY OR USE LI VE LOAD
(psf) [kPa]

Concentrated | oads:
El evat or nmachi ne room grati ng

zzzz Z2 Z

(on area of 4 sq. in. [2600 sq. mm) . . . . . . 300 I'b. 1330
Finish light floor plate construction
(on area of 1 sg. in. [650 sq. nm). . .« .. . 200 Ib. 890
Main corridors, large offices, and S|nllar ar eas
(on 2.5 ft. x 2.5 ft. [760 mmx 760 mm]). . . . .2000 Ib 8900
Scuttles, skylight ribs, and accessible ceilings . 200 |b. 890
Sidewal ks (on 2.5 ft. x 2.5 ft. [760 nmx 760 nm) 8000 |b. 35 600
Stair treads (on center of tread). . . . . . . .300 Ib. 1330
Court roons . C e e 80 3.8
Dance halls and baIIroonB . K0 0] 4.8
Day roons . . C e e e e e e 60 2.9
Di ni ng roomns and restaurants . 010 4.8
Kitchen, general area. . . . . . . . . . . . . . . 75 3.6
Drawing . . . . . . . . . . . . . . . . . . . . . . ... 100 4.8
Drill halls . . . . . . . . . . . . . . . . . . . . . . 125 6.0
Drumfillings . . . . . . . . . . . . . . . . . . . . . 150 7.2
Drumwashing . . . . . . . . . . . . . . . . .0 .. 75 3.6
File rooms:
Letter files . . . . . . . . . . . . . . .. 80 3.8
Card files . . . . . . . . . . . . . . . . . . . .. 125 6.0
Drawing files . . . . . . . . . . . 200 9.6
Fire escapes (single- fanlly dmelllngs) e e e 40 1.9
Gl | eys:
D shwashi ng roons (mechanical) . . . . . . . . . . . . 300 14
General kitchen area . . . . . . . . . . . . . . .. 75 3.6
Provi sion storage (not refrigerated) . . . . . . . . . 200 9.6
Preparation room
meat . . 24 510 12
vegetable C e e e e .. ... ... ... . . . 100 4.8
Gar ages
Passenger cars. . . . . . . . . . . . . ... 50 2.4
Trucks and buses - see Cass A Structures
Garbage storage roonms . . . . . . . . . . ... 125 6.0
Generator roons . . . . . . . . . ..o 200 9.6

17



M L- HDBK- 1002/ 2A

Tabl e 3 (Conti nued)
Uni form Li ve Load Requirenents for Special COccupancy

OCCUPANCY OR USE LI VE LOAD

(psf) [kPa]
GQuard house . . . Ce e e e 75 3.6
Gymasi uns (nmain roors and balconles) .o .o 100 4.8

Hangars (Obtain wheel |oads of aircraft and |npact
factors from using agency.)

Hospital s

Qperating roons, |aboratories. . . . . . . . . . . . 60 2.9

Private roons. . . . . . . . . . . . . . . ... 40 1.9

Wards. . . C e e e e e 40 1.9

Corridors (above flrst floor) C e e 80 3.8
I ncinerators; charging floor. . . . . . . . . . . . . . 150 7.2
Laboratories; normal scientific equipnment. . . . . . .. 100 4.8
Latrines. . . . . . . . . . L Lo 75 3.6
Laundries; general areas. . . . . . . . . . . . . . . . 100 4.8
Li braries

Readi ng roons. . . C e e 60 2.9

St ock roons (books and sheIV|ng @@65 pcf)

[ 1040 kg/cu. n] but not less than. . . . . . . . . . .150 7.2

Corridors, above first floor . . . . . . . . . . . . . 80 3.8
Li nen storage . . Ce e 125 6.0
Lobbi es, vestlbules and Iarge maltlng roons Ce e e 100 4.8
Locker rooms. . . Ce e 75 3.6
Lounges, day roonB snall recreation areas .« . . . . . 60 2.9
Manuf act uri ng

Light. . . . . . . . . . . . . . . . . . . . . . ... 125 6.0

Heavy. . . 4 510 12
Mar quee and canoples . Ce e e e 75 3.6
Mechani cal equi pnent roons (general) e . . . . . . . . 100 4.8
Mechani cal room (air conditioning). . .. . . . . . . . . 125 6.0
Mechani cal tel ephone and radio eqU|pnent rooms. . .. . . 150 7.2
Mess halls. . . . . . . . . . . . . . . . . . . . .. . . 100 4.8
Mor gues . . e K 0 [0 4.8
Ofice bU|Id|ngs

Ofices. . . . . . . L 50 2.4

Lobbies. . . C e e e . . . .. .. . . . . . . . 100 4.8

File and conputer roonms (to be individually eval uated)

18



M L- HDBK- 1002/ 2A

Tabl e 3 (Conti nued)

Uni form Li ve Load Requirenents for Special COccupancy

OCCUPANCY OR USE LI VE LOAD

(psf) [kPa]

Post exchanges (see Stores)
Post offi ces:

General area . 100
Work roons . 125
Power plants. . 200
Proj ection boot hs. 100
Pronmenade roof. 60
Punp houses . 100
Recreation roons. . 100
Recei vi ng roons (radlo) |nclud|ng roof areas supportlng
antennas and el ectroni c equi pnent. ) Co . 150
Refrigeration storage roons:
Dai ry. 200
Meat . . : 250
Végetables ) 275
Resi denti al :
One- and two-famly dwellings:
Uni nhabi tabl e attics w thout storage. 10
Uni nhabitable attics with storage . 20
Habitabl e attics and sl eeping areas . 30
Al'l other areas . : Coe 40
Hotel and multi-famly houses
Private roons and corridors serving them . 40
Public roonms and corridors serving them. 100
Rubbi sh storage roons . 100
Scrub decks . 75
Shops:
Aircraft utility .. . . . . . . . . . . . . .. 200
Assenbl y and repalr C e e e e e 250 to 400
Bl acksmith . : e 24 Y
Bonbsi ght . 125
Car pent er. 125
Drumrepair. 100
El ectrical . 300
Engi ne overhaul 300

PRMDROOA
00 0 © 00O O

12
13

.48
96

=

WhhPE
o 0 0 ©

PRROOON®
VOO0 O
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Tabl e 3 (Conti nued)
Uni form Li ve Load Requirenents for Special Occupancy

OCCUPANCY OR USE LI VE LOAD
(psf) [kPa]

St ore houses:

Aircraft . . 4 0 9.6
Amruni tion (one story). C e e . .. ... .. .. . . . . 2000 96
Col d storage:
first floor . . . . . . . . . . . . . . . . . . . . . 400 19
upper floors.. . . . . . . . . . . . . . . . . . . . . 300 14
Dry provisions . . . . . . . . . . . . . . . . . . . . . 300 14
Fuse and detonator (one story) . . . . . . . . . . . . . 500 24
General :
first floor . . . . . . . . . . . . . . . .600to 1000 29 to 48
second floor . . . . . . . . . . . . . . . . . . . . . 400 19
third floor. . . R 100 14
hi gh expl osi ves (one story). C e e e 500 24
inert materials (one story) . . . . . . . 500 to 2000 24 to 96
light tools . . . . . . . . . . . . . . . . . . . . . 1560 7.2
paint and oil (one story). . . . . . . . . . . . . . . 500 24
pi pe and netals (one story). . . . . . . . . . . . . . 1000 48
pyrotechnics (one story) . . . . . . . . . . . . . . . 50O 24
small arnms (one story) . . . . . . . . . . . . . . . . 500 24
subsi stence buildings . . . . . . . . . . . . . . . . 200 9.6
torpedo (one story) .. . . . . . . . . . . . . . . . . 350 17
Stores (Sal es)
Ret ai
First floor . . . . . . . . . . . . . . . . . . . . . 100 4.8
Upper floors. . . . . . . . . . . . . . . . ... 75 3.6
Whol esale, all floors . . . . . . . . . . . . . . . . . 125 6.0
Tailor shop . . . C e e e e e 75 3.6
Tel ephone exchange roons
Normal . . .+« .« . . . . . . 150 7.2
Locati ons subject to earth trenors gunnery practice or
ot her conditions causing unusual vibrations. . . 250 12
Term nal equi prent buildings (all areas other than stalrs
toilets, and washroons) . . . . 150 7.2
Wal kways and el evat ed pIatfornB (other than eX|tmays) .o 60 2.9
Yards and terraces (pedestrian) . . . . . . . . . . . . . 100 4.8
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d) Any single panel point of the |ower chord of accessible
roof trusses (other than open-web joists), or any point of other
accessi ble primary structural nenbers over commrercial garage,
manuf acturing and storage floors, and nmai ntenance and repair
facilities, shall be designed to support a 2000 pound [8900 N
concentrated | oad, applied concurrently with other live |loads. This
| oad shall be considered a | oad of infrequent occurrence.

e) For quarters, consider a concentrated | oad of 200
pounds [890 N] on an area of 4 square inches [2600 sq. nm.

f) The provisions of Table 3 relating to light floor plate
construction apply to floor insets, such as registers.

g) For boiler roons, nake allowance for a 3000 pound
[13 300 N] concentrated | oad applied over an area of 20 square inches
[12 900 sq. mm], in areas outside the limts of the boilers, applied
non-concurrently with the uniformlive | oad.

h) Floors in garages or portions of buildings used for
storage of notor vehicles shall be designed for the follow ng
concentrated | oads: (1) for passenger cars accommbdati ng not nore
t han ni ne passengers, 2000 pounds [8900 N] acting on an area of 20
square inches [12 900 sq. mm; (2) nechanical parking structures
w t hout sl ab or deck, for passenger cars only, 1500 pounds [6670 N|
per wheel; and (3) for trucks or buses, maxi mum axle |oad on an area
of 20 square inches [12 900 sq. mm.

3.3.7 Li ve Load Reducti on

a) Subject to limtations indicated in par. 3.3.7b),
menbers having an influence area of 400 square feet [37 sq. m or
nore may be designed for a reduced live | oad determ ned by applying
the foll ow ng:
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ti = ( —) | li it ( )
Equation: ol\U. S
q L = L,(0.25 + \/_l n Eng sh Un 1

[L = Lo(0.25+ 457/ /A)] In S Units

where: L = reduced design |live | oad per square foot [square
nmeter] of area supported by the nenber

L, = unreduced design live |oad per square foot [square
meter] of area supported by the nenber.
A = influence area, square feet [square neters]. The

influence area, A, is four tinmes the tributary area
for a colum, two tines the tributary area for a
beam and is equal to the panel area for a two-way
slab. (See Figure 1.)

b) Limtations on Live Load Reduction. The reduced design
live | oad shall not be I ess than 50 percent of the basic |ive | oad
(L,) for nenbers supporting one floor, nor |less than 40 percent of
L., otherw se.

c) Exceptions to perm ssible reductions. The follow ng
are exceptions to the reductions in subpars. a) and b) above.

(1) For live |loads greater than 100 psf [4.8 kPa] and
for garages used for passenger cars only, no reduction is permtted
for menbers supporting one floor; however, where two or nore floors
are supported, a 20 percent reduction is permtted.

(2) For live loads |less than 100 psf [4.8 kPa], no
reduction is permtted for nmenbers supporting floor(s) in the
follow ng areas: public assenbly; garages, except where two or nore
floors are supported as noted in Equation (1) above; one-way sl ab
fl oor.

3.3.8 Li ve Loads for \Warehouses. See Tabl e 4.
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3.4 Cass C Structures. The provisions of the applicable
criteria manual series shall apply.

3.5 Partial Loadings

3.5.1 Pattern Loadings. The provisions of American Concrete

Institute (ACl)-318, Building Code Requirenents for Reinforced
Concrete, relating to frane anal ysis and design (arrangenent for live
| oad) apply.

3.5.2 Moving Loads. For structures subject to noving or to
vari abl e | oads, design each part with those |ive |oads on the
structure that devel op the maxi mum stresses in the considered part.

3.5.3 Unsymmetrical Loadings. Note that for a sl ender
conpression nenbers, and for menbers which |ack torsional rigidity,
the torsions and eccentricities induced by unsymmetrical | oadi nhgs may
be nore critical than the effects of heavier, symetric | oadings.
Several collapses, particularly of light roof structures, have been
attributed to this cause. Stresses in cantilever framng also are
sensitive to partial, unsymetrical | oading.

3.5.4 Prestressing (Including Post-Tensioning) Forces.
Consi deration of partial tensioning, and increments of tensioning is
required.
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Table 4
Uni form Li ve Loads for Storage Warehouses
Wei ght per Wei ght per
cubi c foot Height squar e foot
of space of pile of fl oor Li ve Load

Mat eri al (Ib) * (ft) ° (Ib) * (psf) °
Bui | ding materi al s:

Asbest os 50 6 300

Bricks, building 45 6 270

Bricks, fire clay 75 6 450

Cement, natural 59 6 354 300

Cenment, portland 72 to 105 6 432 to 630 to

Gypsum 50 6 300 400

Lime and pl aster 53 5 265

Tiles 50 6 300

Wbods, bul k 45 6 270
Drugs, paints, oil:

Alum pearl, in barrels 33 6 198

Bl eachi ng powder, in hogsheads 31 3-1/2 102

Blue vitriol, in barrels 45 5 225

d ycerine, in cases 52 6 312

Linseed oil, in barrels 36 6 216

Linseed oil, in iron druns 45 4 180

Logwood extract, in boxes 70 5 350

Rosin, in barrels 48 6 288

Shel | ac, gum 38 6 228 200

Soaps 50 6 300 to

Soda ash, in hogsheads 62 2-3/4 167 300

Soda, caustic, in iron drumns 88 3-3/8 294

Soda, silicate, in barrels 53 6 318

Sul furic acid 60 1-5/8 100

Toilet articles 35 6 210

Var ni shes 55 6 330

Wiite | ead paste, in cans 174 3-1/2 610

Wiite [ead, dry 86 4-3/ 4 408

Red | ead and litharge, dry 132 3-3/4 495

1,2,3

See footnotes at end of table.
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Tabl e 4 (Conti nued)
Uni form Li ve Loads for

St or age War ehouses

Wei ght per Wei ght per
cubi c foot Height square foot
of space of pile of floor Li ve Load
Mat eri al (Ib) * (ft) (Ib) * (psf) °
Dry goods, cotton, wool:
Burlap, in bales 43 6 258
Car pets and rugs 30 6 180
Coir yarn, in bales 33 8 264
Cotton, in bales, American 30 8 240
Cotton, in bales, foreign 40 8 320
Cotton bl eached goods, 28 8 224
i n cases
Cotton flannel, in cases 12 8 96
Cotton sheeting, in cases 23 8 184
Cotton yarn, in cases 25 8 200
Excel si or, conpressed 19 8 152 200
Henp, Italian, conpressed 22 8 176 to
Henp, Manila, conpressed 30 8 240 250
Jute, conpressed 41 8 328
Li nen damask, in cases 50 5 250
Li nen goods, in cases 30 8 240
Linen towel s, in cases 40 6 240
Silk and sil k good 45 8 360
Si sal, conpressed 21 8 168
Tow, conpressed 29 8 232
Whol, in bales, conpressed 48
Wool, in bales, not conpressed 13 8 104
Wol , worsteds, in cases 27 8 216
Groceries, wnes, liguors:
Beans, in bags 40 8 320
Bever ages 40 8 320
Canned goods, in cases 58 6 348
1,2,3

See footnotes at end of table.
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Tabl e 4 (Conti nued)
Uni form Li ve Loads for

St or age War ehouses

Wei ght per Wei ght per
cubi c foot Height squar e foot
of space of pile of floor Li ve Load
Mat eri al (1b) (ft) > (I1b) * (psf)
Groceries, wnes, liquors (continued):
Cereal s 45 8 360
Cocoa 35 8 280
Cof fee, roasted, in bags 33 8 264
Cof fee, green, in bags 39 8 312
Dates, in cases 55 6 330
Figs, in cases 74 5 370
Flour, in barrels 40 5 200 250
Fruits, fresh 35 8 280 to
Meat and neat products 45 6 270 300
M | k, condensed 50 6 300
Mol asses, in barrels 48 5 240
Ri ce, in bags 58 6 348
Sal soda, in barrels 46 5 230
Salt, in bags 70 5 350
Soap powder, in cases 38 8 304
Starch, in barrels 25 6 150
Sugar, in barrels 43 5 215
Sugar, in cases 51 6 306
Tea, in chests 25 8 200
Wnes and liquors, in barrels 38 6 228
Har dwar e:
Aut onobi |l e parts 40 8 320
Chai n 100 6 600
Cutlery 45 8 360
1,2,3

See footnotes at end of table.
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Tabl e 4 (Continued)
Uni form Li ve Loads for Storage Warehouses

Wei ght per Wei ght per
cubi c foot Height squar e foot
of space of pile of floor Li ve Load

Mat eri al (Ib) * (ft) ° (Ib) * (psf)
Har dwar e (Conti nued):

Door checks 45 6 270

El ectrical goods and machi nery 40 8 320

Hi nges 64 6 384

Locks, in cases, packed 31 6 186

Machi nery, |ight 20 8 160

Pl unbi ng fixtures 30 8 240 300

Pl unbi ng supplies 55 6 330 to

Sash fasteners 48 6 288 400

Screws 101 6 606

Shafting steel 125

Sheet tin, in boxes 278 2 556

Tools, small, netal 75 6 450

Wre cables, on reels - - 425

Wre, insulated copper, in 63 5 315

coils

Wre, galvanized iron, in coils 74 4-1/ 2 333

Wre, magnet, on spools 75 6 450
M scel | aneous:

Aut onobil e tires 30 6 180

Aut onobi | es, uncrated 8 - 64

Books (solidly packed) 65 6 390

Furniture 20 -

G ass and chinaware, in crates 40 8 320

H des and | eather, in bales 20 8 160 - -

Leat her and | eat her goods 40 8 320

Paper, newspaper, & strawboards 35 6 210

Paper, witing and cal endared 60 6 360

Rope, in coils 32 6 192

Rubber, crude 50 8 400

Tobacco, bal es 35 8 280

Notes: Mul tiply values in "pounds" by 4.448 to get values in "N’
2 Mul tiply values in "ft" by 304.8 to get values in "mt
° Mul tiply values in "psf"” by .04788 to get values in "kPa"
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Section 4: | MPACT, TRACTI ON, AND SVWAY

4.1 Class A Structures. Provisions of AASHTO and AREA
standards apply.
4.2 Crane Runways and Supports - Inpact. Provisions of Table 5
apply.
4.3 Crane Runways and Supports - Traction and Sway. Provisions
of DM 38. 01, Weight-Handling Equi pnent apply.
4.4 Machi nery Supports
Type of Machinery M ni mum | npact Al | owance
1. Reciprocating Mchinery 50% of wei ght
and Heavy Power-Driven of machi ne
Units
2. Light, Shaft- or Motor- 25% [ 1]
Driven Units
3. Elevator Machinery Supporting Beans - 100% [ 2]
Supporting Colums - 80% [ 2]
Foundations - 40% [ 2]
4. Escal ators 15% [ 3]

Notes: [1] of total weight of machine.
[2] of total lifted |oad, including live | oad.
[3] of weight of noving parts, plus live | oad.

4.5 Sway Load on Spectator Stands. Provide for a lateral | oad
effect equal to 24 pounds per linear foot [350 Nn] of seating
applied in a direction parallel to each row of seats, and 10 pounds
per linear foot [150 NNn] of seating applied in a direction

perpendi cular to the row of seats. Apply these two conponents of
sway | oad sinultaneously. The sway | oad on spectator stands is
considered to be concurrent wwith a wind | oad generated by a w nd
velocity equal to one-half the velocity of the design wind | oad, but
not nore than 50 m |l es per hour

[ 22 m sec].

4.6 Hangers for Floors and Bal conies. Provide for inpact equal
to one-third of the tension due to the |ive |oad.
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4.7 | npact Due to Berthing. Refer to ML-HDBK-1025/1, Piers
and Wharves, for evaluation of |ateral and | ongitudinal forces.

4.8 Vibrations. Vibrations are induced in structures by
reci procating and rotating equi pnment, rapid application and
subsequent renoval of a |load, or by other nmeans. Vibrations take
pl ace in flexural, extensional, or torsional nodes, or any

conbi nation of the three.

4.8.1 Resonance. Resonance occurs when the frequency of an
applied dynam c | oad coincides with a natural frequency of the
supporting structure. In this condition, vibration deflections

i ncrease progressively to dangerous proportions. Prevent resonance
by ensuring, in the design, that the natural frequency of a structure
and the frequency of | oad application do not coincide.

4.8.2 Foundation Considerations. Foundations for vibratory

machi nery require careful consideration. Refer to NAVFAC

DM 7.01, DM 7.02, and DM 7.03, Soil Dynam cs, Deep Stabilization, and
Speci al Ceotechnical Construction, for the reaction of different
types of soils to vibratory |oading and the determ nation of the
natural frequency of the foundation-soil system

4.8.2.1 Foundati on Design. Select the geonetry and mass of the
foundati on based on proper analysis satisfying inposed or appropriate
restrictions on resulting foundation novenents (lateral, vertical,
and torsional). Consider foundation material properties and
interaction with foundation. For analysis, select dynam c | oads
based on characteristics of machine operation (preferably neasured or
provi ded by manufacturer) and antici pated nai nt enance.

4.8.2.2 |solation of Foundations for Vibrating Mchinery.
Foundations for heavy vibratory machinery are likely to require
isolation fromthe surrounding structure, floors, and foundati ons.
Dependi ng on conditions, adequate isolation may be achi eved by use of
i nsul ati ng pads or springs, or by |eaving an open space between the
machi ne base and surroundi ng structure. The latter nethod stil

requi res eval uation of whether vibrations can be transmtted to the
structure through the foundations. Refer to DM7.01, DM 7.02, and
DM 7.03, for further discussion and references.

4.8.3 Collateral Reading. For further information on the
solutions of vibratory stresses and deflections, refer to Vibration
Problens in Engineering, S. Tinbshenko, 1974, and Structura

Dynam cs, Mario Paz, 1991.
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Section 5: SNOW LQADS

5.1 Ceneral. Snow | oad provisions for the design of structures
wi th basic roof configurations are established in this section. This
i nformati on has been excerpted fromthe Arny/Air Force manual TM 5-
809- 1/ AFM 88-3, Chapter 1, Load Assunptions for Buildings, wth sone
revi si ons.

5.2 Definitions. The follow ng are definitions for snow | oad
requi renents:

5.2.1 Bal anced Snow Load. Snow |oad, either P, or P, applied to
the entire horizontal projection of a roof.

5.2.2 Barrel -Vaulted Roof. A roof consisting of a series of
segnent al arches.

5.2.3 Exposure Factor, C. A factor to account for the effect of
wind, due to site location, on the roof snow | oad.

5.2. 4 Eaves. A margin or lower part of a roof. For a steeply

sl oped arched roof, the eaves are taken at the point where the sl ope
is equal to 70 degrees.

5.2.5 Flat Roof. A roof with a slope less than 1 inch in 1 foot
[ 5 degrees].

5.2.6 G ound Snow Load. Snow | oad on the ground based on a 50-
year mean recurrence interval. (See Tables 6 and 7.)

5.2.7 Multiple Folded Plate Roof. A formof shell roof,

consisting of a series of flat plates in a variety of shapes, such as
V-shape, trapezoidal or Z-shape.

5.2.8 Slope Factor, C. A factor accounting for the decreased
snow | oad on a sl oped roof, due to sliding and inproved drai nage of
mel t wat er .

5.2.9 Snow Load I nportance Factor, I. A factor accounting for
hazard to human |ife and danage to property.

5.2.10 Thermal Factor, C. A factor accounting for reduction in
snow | oad by buil ding heat.
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5.2.11 Unbal anced Snow Load. |Increased snow | oad applied to only
a portion of a sloped roof. Unbal anced | oads nay devel op on sl oped
roof s because of sunlight and wwnd. Wnd tends to reduce snow | oads
on wi ndward portions and increase snow | oads on | eeward portions.

5.3 Synbols. Snow | oad calculations in this section are based
on the follow ng synbol s:

C. = exposure factor (See Table 8)

e

C = sl ope factor (See Figure 5)
C = thermal factor (See Table 9)

h, = hei ght of bal anced snow | oad, feet [neters];
i.e., balanced snow |oad, P, or P, divided by
appropriate density in Table 11

h, = cl ear height fromtop of bal anced snow | oad on
| ower roof to closest point on adjacent upper
roof, feet [neters]

h, = maxi mum hei ght of snow drift, feet [neters]

I = snow | oad i nportance factor (See Table 10)

L = | ength of snow drift, feet [neters]; i.e.,
common | ength of upper and | ower roofs

P, = maxi mum intensity of drift surcharge, | oad,
pounds per square foot [kPa]

P, = flat roof design snow | oad, pounds per square
foot [kPa]
P = ground snow | oad, pounds per square foot, based

on a 50-year nean recurrence interval (See
Figure 2, 3, or 4, and Tables 6 and 7)

P. = sl oped roof design snow | oad, pounds per square
foot [kPa]. This is used as the bal anced snow
| oad for sloped roof.
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s = separation distance between buil di ngs, feet
[ met er s]
w = width of snow drift, feet [neters]
[ ganma] = snow drift density, pounds per cubic foot

[kg/cu. m (See Table 11)

[theta] = sl ope of a gable roof or equival ent slope of an
arched roof, degrees
[phi] = sl ope of curve at a point on an arched roof,
degrees
5.4 G ound Snow Loads, P. Gound snow |oads, P, are the basic

data used to determ ne the design snow | oads on roofs.

Tabl e 6 provides the ground snow | oads for major cities and
installations in the United States. Snow | oads for the contiguous
United States are nmapped in Figures 2, 3, and 4. 1In Al aska, extrene
| ocal variations preclude neani ngful statew de mappi ng of ground snow
| oads; Table 6 provides ground snow | oads for specific locations in
Al aska.

Areas of extrenme |local variations in the contiguous United
States are not zoned in Figures 2, 3, and 4, but are shown in bl ack
instead. In sonme other areas the snow | oad zones are neani ngful, but
t he mapped val ues shoul d not be used for certain geographic settings,
such as high country within these zones. Such areas are shaded in
Figures 2, 3, and 4, as a warning that the zoned val ue for those
areas applies only to nornmal settings in them For procedures in
estimating site-specific ground snow | oads for |locations in the bl ack
and shaded areas in Figures 2, 3, and 4 and not shown in Table 6,
refer to Cold Regions Research and Engi neering Laboratory (CRREL)
report, Snow Loads for the United States. G ound snow | oad data for
specific | ocations outside the 50 states is provided in Table 7.
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Tabl e 6
Snow Data for Locations Inside the 50 States

Locati on G ound Snow Load
(psf) [ kPa]

ALABAMA:
Anni ston . .
Maxwel |  AFB.
Bi r m ngham .
Huntsville .
Mobile . . .
Mont gonery .
Fort Rucker.

24

.24
.48

H
eoleoloNaNéNaiéy
oNeNe)

ALASKA:
Adak Island. . . . . . . . . . . . . . . . .20
Anchorage. . . . . . . . . . . . . . . . . .65
Barrow. . . . . . . . . . . . . . . . . . .40
Bethel . . . . . . . . . . . . . . . . . . .35
Eielson AFB. . . . . . . . . . . . . . . . .60
El rendorf AFB. . . . . . . . . . . . . . . .65
Fairbanks. . . . . . . . . . . . . . . . . .bb
Fort Geely. . . . . . . . . . . . . . . . .60
Juneau . . . . . . . . . . . . . . . . . ..70
Kodiak Island. . . . . . . . . . . . . . . .30
None . . . . . . . . . . . . . . . . . .. .80
Palper . . . . . . . . . . . . . . . . . . .50
Petersburg . . . . . . . . . . . . . . . . 130
Ft. Richardson . . . . . . . . . . . . . . .65
St. Paul Island. . . . . . . . . . . . . . .45
Seward . . . . . . . . . . . . . . . . . . .bkb
Shenya . . . . . . . . . . . . . . . . . ..20
Sitka. . . . . . . . . . . . . . . . . . . .45
Tal keetna. . . . . . . . . . . . . . . . . 175
Unal akleet . . . . . . . . . . . . . . . . .bb
Valdez . . . . . . . . . . . . . . . . . . 170
Ft. Wasinwright . . . . . . . . . . . . . . .bb
Wiittier . . . . . . . . . . . . . . . . . 400
Wangell . . . . . . . . . . . . . . . . . .70
Yakutat. . . . . . . . . . . . . . . . . . 175

©
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Snow Data for Locations Inside the 50 States

Locati on G ound Snow Load
(psf) [ kPa]

ARl ZONA:

Fort Huachuca. 24
Luke AFB .
Navaj o AD.
Phoeni Xx.
Tucson . . . .
WIIlianms AFB
Yuma .

(o))
QO U1IOOOU

24

oo OoNO:

ARKANSAS:
Bl yt hevil | e AFB.
Fort Chaffee . .
Littl e Rock AFB.

.48
.24
. 24

|
(2 16) Ne)

CALI FORNI A:
Castl e AFB .
Chi na Lake .
Edwar ds AFB. .
Ham | ton AFB . . .
Hunt er- Li ggett MR
Long Beach . .
Los Angel es.
March AFB
Mare | sl and.
Nort on AFB
Gakl and.
Fort Od . . . .
Canmp Pendel t on
Port Huenene
Sacramento .
San Di ego.
San Franci sco.
Shar pe AD.
Sierra AD. .
Travis AFB . . .
Vandenberg AFB .

|_\

.48
24

-
eeoi NolololololololololololololoNeNé N o)

72

OO OOO0OOCO0OOO0OOO0OOO0OOO0OO0O
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Tabl e 6 (Continued)

Snow Data for

M L- HDBK- 1002/ 2A

Locations Inside the 50 States

Locati on G ound Snow Load
(psf) [ kPa]
COLORADG:
USAF Acadeny . .30 [1] 1.4 [1]
Fort Carson. 15 [1] .72 [1]
Denver . . . . . 15 [1] .72 [1]
Fitzsi nons AMC . 15 1] .72 [1]
Pet erson AFB . 15 [1] .72 [1]
Puebl o . .10 .48 [1]
CONNECTI cut
Hartford . . 30 1.4
New Haven. . . 25 1.2
New London . . 25 1.2
DELAWARE:
Dover AFB. . . 20 . 96
W m ngton . .15 .72
FLORI DA:

Eglin AFB. . . 0 0
Honest ead AFB. 0 0
Jacksonville . 0 0

Key West . . 0 0

MacDi | |  AFB. 0 0
Mam . . 0 0

Ol ando. . . 0 0
Patri ck AFB. 0 0
Pensacol a. 0 0
Tanmpa. . . . 0 0
Tyndal | AFB. 0 0

[1] Determne drift

| oad based on the ground snow | oad.

M ni mum r oof

snow | oad is 30 pounds per square foot [1l.4 kPa] based upon | ocal

practi ce.
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Snow Data for

M L- HDBK- 1002/ 2A

Tabl e 6 (Continued)

Locations Inside the 50 States

Locati on G ound Snow Load
(psf) [ kPa]
GEORA A:
Al bany . 0 0
At | ant a. 5 .24
Fort Benning . 5 .24
Fort Gordon. 5 . 24
Hunt er AAF . 0 0
Macon. . . . 5 .24
Robbi ns AFB. 5 .24
Savannah . 0 0
Fort Stewart 0 0
HAWAI | :
Bar bers Poi nt, QGahu. 0 0
H ckam AFB . 0 0
Hlo, Hawaii . . 0 0
Honol ul u, Gahu . . 0 0
Kaneohe Bay, Gahu. 0 0
Li hue, Kauai . 0 0
Schofi el d Barracks . 0 0
Wheel er AFB. 0 0
| DAHO:
| daho Falls. . . . . 25 1.2
Mount ai n Hone AFB. .15 .72
| LLI NO S:
Chanut e AFB. . . 20 . 96
Chi cago. . . . . .25 [2] 1.2 [2]
Great Lakes TC . . 25 1.2
Joliet AAP . . 25 1.2
O Hare AP . . . . . .25 [2] 1.2 [2]
Rock | sl and Arsenal. . 20 . 96
Savanna AD . .30 [2] 1.4 [2]
Scott AFB. .15 .72

[2] Determne drift

| oad based on the ground snow | oad.

M ni mum r oof

snow | oad is 25 pounds per square foot [1l.2 kPa] based upon | ocal

practi ce.
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Snow Data for Locations Inside the 50 States

Locati on G ound Snow Load
(psf) [ kPa]

| NDI ANA:
Fort Ben Harrison. . . . . . . . . . . . . .20 . 96
Fort Wyne . . . . . . . . . . . . . . . . .20 . 96
GissomAFB. . . . . . . . . . . . . . . . .20 . 96
Indiana AAP. . . . . . . . . . . . . . . . .15 .72
| ONA:
Burlington . . . . . . . . . . . . . . . . .20 . 96
Cedar Rapids . . . . . . . . . . . . . . . .35 1.7
Des Moines . . . . . . . . . . . . . . . . .25 1.2
Sioux Gty . . . . . . . . . . . .. .. ..35 1.7
KANSAS:
Kansas AAP . . . . . . . . . . . . . . . . .15 .72
Fort Leavenworth . . . . . . . . . . . . . .20 . 96
mcConnell AFB. . . . . . . . . . . . . . . .15 .72
Fort Riley . . . . . . . . . . . . . . . . .20 . 96
Sunflower AAP. . . . . . . . . . . . . . . .20 . 96
KENTUCKY:
Fort Canpbell. . . . . . . . . . . . . . . .15 .72
Fort Knox. . . . . . . . . . . . . . . . . .15 .72
Lexington. . . . . . . . . . . . . . . . . .15 .72
Louisville . . . . . . . . . . . . . . . . .15 .72
LOUI SI ANA:
Fort Pol k. . . 5 . 24
Lake Charles . 0 0
Loui si ana AAP. 5 . 24
New O | eans. 0 0
Shr eveport 5 .24
MAI NE:
Bangor . . . . . . . . . . . . . . . . . . .80 3.8
Brunswick. . . . . . . . . . . . . . . . . .60 2.9
Loring AFB . . . . . . . . . . . . . . . . 100 4.8
Wnter Harbor. . . . . . . . . . . . . . . .60 2.9
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Locati on G ound Snow Load
(psf) [ kPa]

MARYLAND:
Aberdeen Proving Gound. . . . . . . . . . .20 . 96
Andrews AFB. . . . . . . . . . . . . . . . .20 . 96
Annapolis. . . . . . . . . . . . . . . .. .20 . 96
Baltimore. . . . . . . . . . . . . . . . . .20 . 96
Fort Detrick . . . . . . . . . . . . . . . .35 1.7
Edgewood Arsenal . . . . . . . . . . . . . .20 . 96
Fort Meade . . . . . . . . . . . . . . . . .20 . 96
Fort Ritchie . . . . . . . . . . . . . . . .35 1.7
MASSACHUSETTS:
Boston . . . . . . . . . . . . . . . . . . .30 1.4
Fort Devens. . . . . . . . . . . . . . . . .45 2.2
L. G Hanscom Field . . . . . . . . . . . . .40 1.9
Qis AFB. . . . . . . . . . . . . . . . ..30 1.4
Westover AFB . . . . . . . . . . . . . . . .30 1.4
M CHI GAN:
Detroit. . . . . . . . . . . . . . . . . ..20 . 96
Ki ncheloe AFB. . . . . . . . . . . . . . . .70 3.4
K.l. Sawer AFB. . . . . . . . . . . . . . .60 2.9
Selfridge AFB. . . . . . . . . . . . . . . .20 . 96
Wirtsmth AFB. . . . . . . . . . . . . . . .50 2.4
M NNESOTA:
buluth . . . . . . . . . . . . . . . . . . .65 3.1
M nneapolis. . . . . . . . . . . . . . . . .50 2.4
M SSI SSI PPI :
Biloxi . . . . . . . . . . . . . . . . . ..0 0
Colunbus AFB . . . . . . . . . . . . . . . .10 .48
Jackson. . . 5 .24
Keesl er AFB. 0 0
Meri di an . 5 24
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Snow Data for

Locations Inside the 50 States

Locati on G ound Snow Load
(psf) [ kPa]
M SSOURI :
Kansas City. . . 20 . 96
Lake Gty AAP. . . . 20 . 96
Fort Leonard Wod. . 15 .72
St. Louis. . . . . . . 20 . 96
Ri chards Gebaur AFB. . 20 . 96
Whi t eman AFB . .20 . 96
MONTANA:
Hel ena . . . . . 20 . 96
Mal nst r om ABF. . 20 . 96
M ssoul a . . 25 1.2
NEBRASKA:
Cor nhusker AAP . . 25 1.2
Li ncoln. . . . 25 1.2
Ofutt AFB . . 25 1.2
Omaha. . 25 1.2
NEVADA:
Carson City. . 25 1.2
Fallon . . .10 .48
Hawt hor ne. .15 .72
Las Vegas. . 5 .24
Wl | s. .15 .72
NEW HAMPSHI RE
Hanover. . . 55 2.6
Pease AFB. . 50 2.4
Portsnouth . . 50 2.4
NEW JERSEY:
Atlantic City. .15 .72
Bayonne. . . . .20 . 96
Fort Monnout h. . 25 1.2
McGui re AFB. . 20 . 96
Pi catinny Arsenal . .35 1.7
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Locati on G ound Snow Load
(psf) [ kPa]

NEW MEXI CO
Al buquerque. . . . . . . . . . . . . . . . .10 . 48
Cannon AFB . . . . . . . . . . . . . . . . .10 . 48
Hollomon AFB . . . . . . . . . . . . . . . . 5 .24
White Sands \R . . . . . . . . . . . . . . .5 .24
NEW YORK:
Albany . . . . . . . . . . . . . . . . . . .30 1.4
Buffalo. . . . . . . . . . . . . . . . . . .40 1.9
Fort Drum . . . . . . . . . . . . . . . . .60 2.9
GiffissAB. . . . . . . . . . . . . . . .50 2.4
New York City. . . . . . . . . . . . . . . .20 . 96
Ni agara Falls I1AP. . . . . . . . . . . . . .30 1.4
Plattsburg AFB . . . . . . . . . . . . . . .40 1.9
Syracuse . . . . . . . . . . . . . . . . . .45 2.2
Watervliiet . . . .. . . . . .30 1.4
West Point M Iltary Reservatlon. . . . . . .35 1.7
NORTH CAROLI NA:
Fort Bragg . . . . . . . . . . . . . . . . .10 .48
Charlotte. . . . . . . . . . . . . . . . . .10 .48
Camp Lejeune . . . . . . . . . . . . . . . .10 .48
Geensboro . . . . . . . . . . . . . . . . .15 .72
Pope AFB . . . . . . . . . . . . . . . . . .10 .48
Seynour Johnson .o . . . . . . . . .10 . 48
Sunny Poi nt Ccean Ternlnal e A ¢ .48
NORTH DAKOTA:
Bismarck . . . . . . . . . . . . ... .. .30 1.4
Fargo. . . G 1) 1.7
G and Forks AFB e 10 1.9
Mnot AFB. . . . . . . . . . . . . . . . . .3 1.7
OH O
Cncinpati . . . . . . . . . . . . . . . . .15 .12
Ceveland. . . . . . . . . . . . . . . . . .20 . 96
Colunbus . . . . . . . . . . . . . . . . . .15 .72
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OH O (Conti nued):
Ravenna AAP. . . . . . . . . . . . . . . . .15 .12
Wight-Patterson AFB . . . . . . . . . . . .15 .12

OKLAHOVA:
Enid/Vance AFB . . . . . . . . . . . . . . .10 . 48
Fort sitt . . ... . ... . . ... ... .5 .24
Tinker AFB . . . . . . . . . . . . . . . . .10 . 48
Tulsa. . . . . . . . . . . . . . . . . . . .10 . 48

OREGON:
Coos Bay . . . . . . . . . . . . ... .. .5 .24
Eugene . . . . . . . . . . . . . . . . . . .20 . 96
Portland . . . . . . . . . . . . . . . . . .15 i
Umtilla AD. . . . . . . . . . . . . . . . .15 .72

PENNSYLVANI A:
Carlisle Barracks. . . . . . . . . . . . . .25
Harrisburg . . . . . . . . . . . . . . . . .25
Letterkenny AD. . . . . . . . . . . . . . .30
Phi | adelphia . . . . . . . . . . . . . . . .15 .7
Pittsburgh . . . . . . . . . . . . . . . . .25
Scranton . . . . . . . . . . . . . . . . . .25

e
NN BN

=e

RHODE | SLAND
Newport. . . . . . . . . . . . . . . . . . .25
Providence . . . . . . . . . . . . . . . . .25

e
NN

SOUTH CAROLI NA
Charleston . . . . . . . . . . . . . . . . .5 .24
Fort Jackson . . . . . . . . . . . . . . . .10 .48
Parris Island. . . . . . . . . . . . . . . .0 0
Shaw AFB . . . . . . . . . . . . . . . . . .5 .24

SOUTH DAKOTA:
Ell sworth AFB. . . . . . . . . . . . . . . .15 .7
Pierre . . . . . . . . . . . . . . . . . . .35
Sioux Falls. . . . . . . . . . . . . . . . .40
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TENNESSEE:
Chattanooga. . . . . . . . . . . . . . . . . b . 24
Hol ston AAP. . . . . . . . . . . . . . . . .15 .72
Memphis. . . . . . . . . . . . . . . . . . .10 . 48
Mlan AAP. . . . . . . . . . . . . . . . . .10 .48
Nashville. . . . . . . . . . . . . . . . . .10 . 48
TEXAS:
Austi n/ Bergstrom AFB . 5 .24
Cor pus Chri sti 0 0
Dallas . . ) 5 .24
Dyess AFB. . . 5 .24
El | i ngt on AFB. 0 0
El Paso. . 5 .24
Fort Hood. . 5 .24
Fort Worth . 5 .24
Gal vest on. 0 0
Houst on. 0 0
TEXAS (continued):
Lone Star AAP. . . . . . . . . . . . . . . .5 .24
Reese AFB. . . . . . . . . . . . . . . . . .15 .72
San Antonio. . . . . . . . . . . . . . . . .5 .24
Wchita Falls. . . . . . . . . . . . . . . .5 .24
UTAH:
Dugway PG . . . . . . . . . . . . . . . .10 .48
HIIl AFB. . . . . . . . . . . . . . . .. .3 1.7
Salt Lake Gty . . . . . . . . . . . . . . .15 .72
Tooele Arny Depot. . . . . . . . . . . . . .30 1.4
VERMONT
Bennington . . . . . . . . . . . . . . . . .50 2.4
Burlington . . . . . . . . . . . . . . . . .40 1.9
mMont pelier . . . . . . . . . . . . . . . . .70 3.4
St. Albans . . . . . . . . . . . . . . . . .40 1.9
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VI RG NI A:
Fort Belvoir . . . . . . . . . . . . . . . .20 . 96
Fort Eustis. . . . . . . . . . . . . . . . .10 . 48
Fort Wer. . . . . . . . . . . . . . . . . .20 . 96
Norfolk. . . . . . . . . . . . . . . . . . .10 . 48
Pet ersburg/ Fort Lee. . . . . . . . . . . . .15 .72
Quantico . . . . . . . . . . . . . . . . ..20 . 96
Radford AAP. . . . . . . . . . . . . . . . .25 1.2
Rchhrond . . . . . . . . . . . . . . . . . .15 .72

WASHI NGTON:
Brenerton. . . . . . . . . . . . . . . . . .20 . 96
Fairchild AFB. . . . . . . . . . . . . . . .40 1.9
Fort Lewis . . . . . . . . . . . . . . . . .20 . 96
mcChord AFB. . . . . . . . . . . . . . . . .20 . 96
Seattle. . . . . . . . . . . . . . . . . . .15 .72
walla walla. . . . . . . . . . . . . . . . .15 .72
Yakimm . . . . . . . . . . . . . . . . . . .25 1.2

WASHI NGTON, DC:
Bolling AFB. . . . . . . . . . . . . . . . .20 . 96
Fort McNair. . . . . . . . . . . . . . . . .20 . 96
Walter Reed AMC. . . . . . . . . . . . . . .20 . 96

VEST VIRG NI A
Charleston . . . . . . . . . . . . . . . . .20 . 96
Sugar Gove. . . . . . . . . . . . . . .. .30 1.4

W SCONSI N:
Badger AAP . . . . . . . . . . . . . . . . .3
Fort Coy . . . . . . . . . . . . . . . . .40
GeenBay. . . . . . . . . . . . . .. .. .40
Madison. . . . . . . . . . . . . . . . . . .35
M | waukee. . . . . . . . . . . . . . . . . .35
Gsceola. . . . . . . . . . . . . . . . . . .bb

NEREEEE
o ~N~N© O~

WYOM NG
Cheyenne . . . . . . . . . . . . . . . . . .15 .72
Yell owstone. . . . . . . . . . . . . . . . .60 2.9
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AFRI CA:
Li bya:
Wheelus AB. . . . . . . . . . . . . . . .0 0
Mor occo:
Casablanca . . . . . . . . . . . . . . . .0 0
Port Lyautey NAS . . . . . . . . . . . . .0 0
ASI A
| ndi a:
Bonbay . . 0 0
Calcutta . 0 0
Madras . . 0 0
New Del hi 0 0
Japan:
|tazuke AB . . . . . . . . . . . . . . . .10 .48
Johnson AB . . . . . . . . . . . . . . . .10 .48
Msawa AB. . . . . . . . . . . . . . . ..20 . 96
Tachikawa AB . . . . . . . . . . . . . . .10 .48
Tokyo. . . . . . . . . . . . . . . . .. .10 .48
wakkanai . . . . . . . . . . . . . . . . .bh 2.6
Kor ea:
KinpoAB. . . . . . . . . . . . ... ..20 . 96
Seoul. . . . . . . . . . . . . . . .. ..20 . 96
Ujongbu . . . . . . . . . . . . . . . . .15 .72
Paki st an:
Peshawar . . . . . . . . . . . . . . . . .10 .48
Saudi Arabi a:
Bahrain Island . . . . . . . . . . . . . .0 0
bhahran AB . . . . . . . . . . . . . . . .0 0
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Tai wan:
Tai nan . 0 0
Tai pei 0 0
Thai | and:
Chi ang Mai 0 0
Bangkok . 0 0
Sattahip . 0 0
Tur key:
Ankara . .20 . 96
Kar amur sel .15 .12
Vi et nam
Sai gon . 0 0
ATLANTI C OCEAN AREA:
Ascension |sland . 0 0
Azor es:
Lajes Field 0 0
Ber nuda . 0 0
CAR| BBEAN SEA:
Bahama | sl ands:
El eut hera | sl and . 0 0
G and Bahama | sl and 0 0
Grand Turk I sland 0 0
G eat Exumm | sl and . 0 0
Cuba:
Quant ananmo NAS . 0 0
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Leeward | sl ands:

Antigua Island . 0 0
Puerto Ri co:
Bori nguen Field : : 0 0
San Juan and Sabana Seca : : 0 0
Vi eques | sl and and Roosevel t Roads : 0 0
Virgin Islands . 0 0
Trinidad I sl and:
Port of Spain 0 0
Trini dad NS 0 0
CENTRAL AMERI CA:
Canal Zone:
Al br ook AFB 0 0
Bal boa . . 0 0
Coco Sol o 0 0
Colon . . 0 0
Cristobal . 0 0
France AFB . 0 0
EUROPE:
Engl and:
Bi r m ngham . .15 .72
London . . . . .15 .72
M | denhal | AB. .15 .72
Pl ymouth . . .10 .48
Scul t hor pe AB .15 .72
Sout hport. . . .10 .48
Sout h Shi el ds. .15 .72
Spurn Head . .15 .72
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Fr ance:

Nancy. . . . . . .15 .72

Pari s/ Le Bourget . 20 . 96

Rennes . .15 .12

Vi chy. . 25 1.2
Cer many:

Brenen . . . .25 1.2

Muni ch-Ri em . .40 1.9

Rhei n- Mai n AB. . 25 1.2

Stuttgart AB . . 45 2.2
G eece:

At hens . 5 . 24
| cel and:

Kef |l avi k . . 30 1.4

Thor shof n. . 30 1.4
Italy:

Avi ano AB. 10 . 48

Bri ndi si 5 . 24
Scot | and:

Aber deen . .15 .72

Edi nbur gh. .15 .72

Edzell . . . . . . . . . . .15 .72

G asgow Renfrew Airfield . 15 .72

Lerw ck, Shetl and I sl ands. .15 .72

Londonderry. .15 .72

Prestw ck. .15 .72

St or noway. .15 .72

Thur so . .15 .72
Spai n:

Madrid . 10 . 48

Rota . 5 .24
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EUROPE (conti nued):
Spai n (conti nued):
San Pablo . . . . . . . . . . . . . . . .5 .24
Zaragoza . . . . . . . . . . . . . . . . .10 .48

NORTH AMERI CA

Canada:
Argentia NAS, Newfoundland . . . . . . . .47 2.3
Churchill, Manitoba. . . . . . . . . . . .66 3.2
Cold Lake, Alberta . . . . . . . . . . . .41 2.0
Ednont on, Al berta. . . . . . . . . . . . .27 1.3
E. Harnon AFB, Newfoundland. . . . . . . .86 4.1
Fort Wlliam Ontario. . . . . . . . . . .73 3.5
Frobi sher, NWT.. . . . . . . . . . . . .50 2.4
Goose Airport, Newfoundland . . . . . . 100 4.8
tawa, Ontario. . . . . . . . . . . . . .60 3.4
St. John's, Newfoundland . . . . . . . . 72 3.5
Toronto, Ontario . . . . . . . . . . . . .40 1.9
W nni peg, Manitoba . . . . . . . . . . . .45 2.2

G eenl and:
Narsarssuak AB. . . . . . . . . . . . . .30 1.4
Simutak AB. . . . . . . . . . . . . . . .25 1.2
SondrestromAB . . . . . . . . . . . . . .20 . 96
Thule AB. . . . . . . . . . . . . . . . .25 1.2

PACI FI C OCEAN AREA: Zero, unl ess |ocal experience

i ndi cates ot herw se
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Table 8
Exposure Factor, C,

Exposure
Cat egory Siting of Structure[1] C

A Wndy areas, roof exposed on all sides with no
shelter[2] afforded by terrain, higher structures,
or trees. 0.8

B Wndy areas with little shelter[2] avail able. 0.9

C [Snow renoval by wind cannot be relied on to
reduce roof | oads because of terrain, higher

structures, or several trees nearby. 1.0
D Areas that do not experience nuch wi nd and where

terrain, higher structure, or several trees

shelter[2] the roof. 1.1
E Densely forested areas that experience little

Wi nd with roof located tightly anong conifers. 1.2

[ 1] These conditions should be representative of those that are likely
to exist during the life of the structure. Roofs which contain
several |arge pieces of mechani cal equi pnent or other obstructions
do not qualify for Exposure Category A.

[2] Qostructions within a distance of 10h  provide shelter, where h,
is the height of the obstruction above the roof |evel. Deciduous
trees are leafless in winter. |If the obstruction is created by
deci duous trees only, C, may be reduced O. 1.
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Table 9
Thermal Factor, C
Ther mal Condi tion[ 1] C
Heat ed structure 1.0
Structure kept just above freezing 1.1
Unheat ed structure 1.2

[1] These conditions should be representative of those that
are likely to exist during the life of the structure.

Bui | di ngs housing critical facilities whi
are necessary for post-disaster recovery
require continuous operation; e.dg.,
hospital s, power stations, fire stations,
bui | di ngs, and ot her structures housing

m ssi on-essential operations.

ch
and

Tabl e 10
Snow Load I nportance Factor, |
Bui | di ng Snow Load
Cat egory Cccupancy | nport ance
Factor, |
I Al'l buildings except those |isted bel ow 1.0
I H gh Ri sk 1.1
Bui | di ngs where primary occupancy is
for assenbly of 300 or nore people in one
area; e.g., auditoriuns, recreation
facilities, dining halls, comm ssaries, etc.
Bui | di ngs havi ng hi gh val ue equi pnent.
Facilities involving mssile operations.
Facilities involving sensitive nunitions,
fuel s, chem cal and biol ogical contam nants.
[11 Essential Facilities 1.2

52




MIL-HDBK-1002/2A

————

Doty wp lnciyoed W0 Fait W Strfivery ™R
powiiion of bouncehes. Th WiTw adace B

* w oot i M Acst enier of P plicy reTe
[ o

N Pkt el it el wpristicnd =
A il PreChals Saphetg S TS DO

T [orwny vots in vl Eocoona i lor certain '
[~ PR g e o g . @ U.8. Army Corps of Engineers
L

Multiply values shown in "psf" by .04788 to get values in "kPa"

Figure 2
Ground Snow Loads, Py, Western United Staces
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5.5 Fl at Roof Snow Loads. Calculate the snow |oad, P, on an
unobstructed flat roof using the foll ow ng:

EQUATI ON:  Contiguous United States
and areas outside the 50 States (2)

Pf =0.7 CeCt | Pg

Equation: Al aska (3)
P¢=0.6C.C: 1P,

5.5.1 Exposure Factor. Consider wind effects in design by
appl ying the exposure factors in Table 8.
5.5.2 Thermal Factor, C. Consider thernmal effects in design by
applying the thermal factors in Table 9.
5.5.3 Snhow Load I nportance Factor. For structures where the
consequences of failure are nore serious than normal, increase design
| oads above normal. Appropriate values for | are presented in Table
10.
5.5.4 M ni mum Roof Snow Load. The m ninmum snow load, P, is

applicable only to | ow sl oped roofs as defined by [theta] bel ow
pi t ched roof [theta] < 15 degrees
arched roof [theta] < 10 degrees

The mnimum P, for such roofs follow

if P, </ =20 pounds per square foot [.96 kPa],
then mnimmP, = P|I
if P, >/ = 20 pounds per square foot [.96 kPa],

then mnimumP, = 20l [.96] in "kPa"].
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5.6 Sl oped Roof Snow Loads, P. Consider snow | oads acting on
a sloping surface to act on the horizontal projection of that
surface. To obtain the sloped roof snow load, P, multiply the flat
roof snow | oad, P, by the roof slope factor, C.:

S

EQUATI ON: P, = CP, (4)
Val ues of C, for warmand cold roofs are given in Figure 5.

5.6.1 Warm Roof Slope Factor, C. For roofs (C = 1.0 in Table

9) with a slippery surface that will allow snow to slide off the
eaves, determ ne the roof slope factor, C using the dashed line in
Figure 5(a). For other warmroofs that cannot be relied on to shed
snow | oads by sliding, use the solid |ine in Figure 5(a) to determ ne
the roof slope factor, C.

S

5.6.2 Col d Roof Slope Factor, C. For roofs (C > 1.0 in Table
9) with a slippery surface that will allow snow to slide off the
eaves, determ ne the roof slope factor, C using the dashed line in
Figure 5(b). For other cold roofs that cannot be relied on to shed
snow | oads by allowing the snowto slide off, use the solid line in
Figure 5(b) to determ ne the roof slope factor, C.

5.6.3 Roof Sl ope Factor for Arched Roofs. Consider portions of
arched roofs having a slope exceeding 70 degrees to be free of snow

| oad. The point at which the slope equals 70 degrees wll be

consi dered the eaves for such roofs. For arched roofs, determ ne the
roof slope factor, C fromthe appropriate curve in Figure 5 by
basing the slope on the vertical angle fromthe eaves to the crown.

5.6.4 Roof Sl ope Factor for Miultiple Folded Plate and Barrel -
Vaul ted Roofs. No reduction for snow load in the valleys wll be
appl i ed because of slope (i.e., C = 1.0 regardless of slope and,
therefore, P, = P,).

S

5.7 Unl oaded Portions. Consider the effect of renoving half
t he bal anced snow | oad from any portion of the | oaded area.

5.8 Unbal anced Roof Snow Loads. Consider w nds from al
di recti ons when establishing unbal anced | oads.
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5.8.1 Unbal anced Snow Loads for Hi p and Gable Roofs. For hip and
gable roofs with a slope, [theta], |ess than 15 degrees or exceedi ng
70 degrees, unbal anced snow | oads need not be considered. Consider
roofs having a slope, [theta], exceeding 70 degrees free of snow.

For slope [theta], between 15 and 70 degrees, design the structure to
sustain an unbal anced uni form snow | oad. The unbal anced | oad will be
on the leeward side and wll be equal to 1.5 tines the sloped roof
snow |l oad, P, divided by C, (i.e., 1.5P/C). The windward side wll
be considered free of snow Bal anced and unbal anced | oadi ng di agr ans
are presented in Figure 6.

5.8.2 Unbal anced Snow Loads for Arched Roofs. The equival ent
sl ope, [theta], of an arched roof for use in Figure 5 is equal to the
slope of aline fromthe eaves to the crown. |If the equival ent

slope, [theta], is less than 10 degrees or greater than 60 degrees,
unbal anced snow | oads need not be considered. For equival ent sl opes,
[theta], between 10 and 60 degrees, determ ne unbal anced | oads
according to the loading diagrans in Figure 7. The w ndward side
w Il be considered free of snow. Additionally, portions of arched
roofs having a slope, [theta], exceeding 70 degrees wll be
considered free of snow. |If the ground or another roof abuts a Case
Il or Case IIl arched roof structure (see Figure 7) at or wwthin 3
feet [900 mm] vertically of the eaves, the snow load will not be
decreased between the 30-degree point and the eaves, but will remain
constant at 2P.C. This alternative distribution is shown as a dashed
l[ine in

Figure 7.
5.8.3 Unbal anced Snow Loads for Multiple Folded Plate and Barrel -
Vaulted Roofs. In the roof valleys, C equals 1.0 and accordingly

t he bal anced snow | oad equals P,. The unbal anced snow | oad w ||

I ncrease fromone-half the bal anced | oad at the ridge or crown (i.e.,
0.5P,) to three tinmes the bal anced | oad divided by C at the valley
(i.e., 3R/C). However, the snow surface above the valley, assum ng
a density from Table 11, will not be at an el evation higher than that
above the ridge. This may limt the unbal anced | oad to sonewhat |ess
than 3P,/ C. The unbal anced snow | oading at the wi ndward and | eeward
slopes wll be as follows:

Roof First Wndward Sl ope Last Leeward Sl ope
Mul tiple fol ded plate No snow See Figure 6
Barrel vault No snow See Figure 7
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Table 11
Densities for Use in Establishing Drift Loads

G ound Snow Load, P, Drift Density, [ganma]

(psf) [kPa] (pcf) [N cu. n

1-10 [.05-.48] Drifting not considered

11-30 [.49-1. 4] 15 [ 2400]

31-60 [1.5-2.9] 20 [ 3200]

Greater than 60 [2.9] 25 [4000]

Bal anced and unbal anced | oadi ng diagrans for a nultiple
pl ate roof are presented in Figure 8.

5.9 Drifts on Lower Roofs. Design roofs to sustain |ocalized

| oads fromsnow drifts expected to accunmulate on themin the w nd
shadow of hi gher portions of the same structure, adjacent structures,
or terrain features.

5.9.1 Reqgions Wth Light Snow Loads. |In areas where the ground
snow | oad, P, is 10 pounds per square feet (psf) [.48 kPa] or |ess,
drift loads on | ower roofs need not be considered.

5.9.2 Lower Roof of a Building. The geonetry of the surcharge

| oad due to snow drifting is approximated by a triangle, as shown in
Figure 9. It is assuned that snow is blown off the upper roof near
its eave. If h/h is less than 0.2, drift |oads need not be

considered. Calculate drift height, h;

h, = 2 1P, (feet) or (5)
C.[ gamma]
h, = 203 500 IP,  [nnj (6)
C.[ gamma]

where [ganma] is defined in Table 11. The drift height wll not be
greater than h. Drift width, w, will equal 3h, if L is |ess than,
or equal to, 50 feet [15 200 mm] and will equal 4h,if L is greater
than 50 feet [15 200 mm; however, ww |l not be |l ess than 10 feet
[3050 nm]. If w exceeds the width of the |ower roof, the drift wll

be truncated at the far edge of the roof, not reduced to zero there.
The maxi mumintensity of the drift surcharge |oad, P, equals [gamma]
h

d
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5.9.3 Adj acent Buildings and Terrain Features. To establish

| oads caused by drifting on the roof of a building wwthin 20 feet
[6100 mm of a higher building or terrain feature, follow procedures
of par. 5.9.2. The separation distance, s, between the two buil di ngs
Wi ll reduce drift loads on the lower roof. Apply the factor (20 -
s)/20 in feet or [(6100 - s)/6100 in NM] to the intensity of the

maxi mumdrift |load to account for spacing. (See Figure 10.) For
separations greater than 20 feet [6100 mm], drift |oads from adj acent
structure or terrain feature need not be consi dered.

5.10 Roof Projections. A continuous projection |onger than 15
feet [4600 nm may produce a significant drift on a roof. Consider
the | oads caused by such a drift to be distributed triangularly on
all sides of the obstruction that are |onger than 15 feet [4600 nm.

Refer to par. 5.9.2 to determne the drift surcharge | oads and the
wi dth of the drift.

5.11 Sliding Snow. Snow may slide off a sloped roof onto a
| ower roof, creating extra | oads on the | ower roof. Determ ne the
extra load by assum ng that snow that could accunul ate on the upper
roof under the bal anced | oading condition slides onto the | ower roof.
Use the solid lines in Figure 5 to determ ne the snow that could
accunul ate on the upper roof. Do not use the dashed |ine regardl ess
of the surface of the upper roof. For conditions where a portion of
the upper roof load is expected to slide clear of the | ower roof,
reduce the sliding snow |l oad on the | ower roof accordingly.
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Figure 9
Configuration of Drift on Lower Roofs
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Figure 10
Configuration of Drift on Lower Roofs of a Separate Building
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Section 6: LOADS FOR SPECI AL STRUCTURES

6.1 Crane Runways, Trackage, and Supports. For inpact,
traction (including braking), and lateral forces, refer to Section 4.
For other data, refer to DM 38.01, Wi ght-Handling Equi pnent.

6.2 Waterfront Structures. Load criteria for piers, wharves,
and waterfront structures are discussed in detail in ML-HDBK-1025/1,
Pi ers and Wharves, M L-HDBK-1025/4, Seawal | s, Bul kheads, and
Quaywal I's, M L-HDBK-1025/6, Ceneral Criteria for Waterfront
Construction, and DM 26 Series, Harbor and Coastal Facilities.

6.3 Ant enna Supports and Transm ssion Line Structures.
Consider the followi ng | oads in design of antenna supports and
transm ssion |line structures.

6.3.1 Dead Load. Refer to Section 2.

6.3.2 Live Load on Stairways and WAl kways. Refer to

Section 3.

6.3.3 Wnd Load. Refer to Section 7.

6.3.4 Ice Load. Determne the thickness of ice covering on guys,

conductors, insulation, and fram ng supports fromFigure 11
Exceptions are areas known to have nore severe icing conditions, such
as coastal and waterfront areas that are subject to heavy sea spray
or high local precipitation. For ice |load in these areas, consult
cogni zant Engineering Field D vision (EFD) or Engineering Field
Activity (EFA).

6.3.5 Thermal Changes. Consider changes in guy or cable sag or
both due to tenperature changes. Refer to Section 10.

6.3.6 Pret ensi on Forces. Consider pretension forces in guys and
wires in accordance with par. 4.3.3.2 of ML-HDBK-1002/3, Stee
Structures.

6.3.7 Broken Wres. Design support structures to resist the
unbal anced pull or torsion resulting from broken guys in accordance
with par. 4.3.3.2 of ML-HDBK-1002/3, and for any reasonable

i nci dence of broken transm ssion wres.

6.3.8 Erection Loads. Tenporary erection |oads are inportant in
t he design of antenna supports and transm ssion |ine structures.
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(a) Geographic Distribution

Loadi ng
District
Heavy
Medi um

Li ght

Radi al

(b) Thi ckness of

of Ilce

(in.) [
0.50 [13]
0.25 [ 6]
None [ O]

| ce Load on Antenna Supports and Transm ssion Line Structures

Figure 11
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6.4 Tur bi ne Generator Foundations. Consider the follow ng
| oads in design of turbine generator foundations.

6.4.1 Vertical Loads. For conponent weights of the turbine
generator and distribution of these weights, refer to the

manuf acturer's machi ne outline drawings. Increase machine | oads 25
percent for inpact for machines with speeds up to and including 1800
revolutions per mnute (rpm, and 50 percent for those wth higher
speeds. Consider additional |oads (such as auxiliary equi pnent,

pi pes, and val ves) supported by the foundations.

6.4.2 St eam Condenser Load. Determ ne the condenser or vacuum
| oad fromthe nethod of nounting the condenser.

6.4.3 Torque Loads. Torque | oads are produced by nagnetic
reactions of electric notors and generators which tend to retard
rotation. Use five tines the normal torque in the design of the
supporting nmenbers. For turbine generators, normal torque may be
conputed by the foll ow ng equati on:

7040 (kw)
EQUATI ON: torque (ft Ib) = rpm (7)
torque (N m = 9545 kw
rpm

For other types of rotating machinery, use simlar formulas.

6.4.4 Hori zontal Loads on Support Fram ng

a) Longitudinal force. Assune a |ongitudinal force of 20
to 50 percent of the machine weight applied at the shaft centerline.

b) Transverse force. Assune a transverse force at each
bent of 20 to 50 percent of the machi ne wei ght supported by the bent
and applied at the machine centerline.

c) Longitudinal and transverse forces. Do not assune
| ongi tudi nal and transverse forces act sinultaneously.

6.4.5 Hori zontal Forces Wthin Structure. Assune horizontal
forces to be equal in magnitude to the vertical |oads of the
generator stator and turbine exhaust hood, as given on the

manuf acturer's machi ne outline drawings. Apply these forces at the
top flange of the supporting girders; assune the forces to be equal
and opposite.
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6.4.6 Assuned Forces on Centerline Guides. Refer to the machine
outline drawi ng for magnitude and points of application. Support
beans for guide brackets shall have sufficient rigidity tolimt the
di spl acenents relative to the main foundation to 0.005 inch [0.13 m]
under the action of the assuned forces.

6.4.7 Tenperature Variation. Consider forces acting within the
foundati on due to tenperature changes.

6.4.8 External Piping. WMke provisions to withstand |oads from
pi pe thrusts, relief valves, and the weight of piping and fittings.
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Section 7: W ND LOADS

7.1 Ceneral. The procedures in this section together with the
vari ous equations, coefficients, and correction factors are intended
to apply to structures of regular shape and to structures regularly
used for human occupancy or containing valuable properties. Tornados
were not considered in developing these criteria. Exceptions for
mnor and limted life structures are presented in M L-HDBK-1002/1,
Structural Engineering, CGeneral Requirenents. G ve specia
consideration to conditions at variance with the above. The criteria
contained in this section are based on Anerican National Standards
Institute (ANSI) Standard A58.1, Building Code Requirenents for

M ni nrum Design Loads in Buildings and Oher Structures, nodified for
sinplicity of application and interpretation.

7.2 Wnd Pressure. Design buildings and other structures to
wi t hst and applicable wi nd pressure.
7.2.1 Vel ocity Pressure. Determne a velocity pressure (q) by
the fol |l ow ng:
EQUATI ON; g = 0.00256 V°C, (psf) (8)
EQUATI ON: g = 0.000613 V°C, [kPa] (9)
where: g = velocity pressure of wnd (pounds per square foot)
[ kPa]
G = height correction factor
V = wnd velocity (mles per hour) [nls]

a) Wnd Velocity. Peak gust w nd speeds are given for the
contiguous United States in Figure 12 and Table 12, and for |ocations
outside the United States in Table 13. Use a mninumof 80 mles per
hour [36 ms] wind velocity for design.

71



M L- HDBK- 1002/ 2A

b) CQust Factors. CGust factors are incorporated in the
peak gust w nd speeds given in Figure 12 and Tables 12 and 13. Use
of the peak gust speed elimnates the need for estimation of the gust
factor. The gust factor is variable, dependent on the general w nd
speed level at the particular location. The peak gust velocity
indicated is assuned to be sustained for an interval of 2 to 3
seconds, and therefore ordinarily will be treated as a steady w nd
because the natural response period of nobst structures is |ess than
1.5 seconds. When the response period of the structure exceeds 1.5
seconds, use appropriate nmethods of anal yses for dynam c forces.

c) Correction Coefficient for Height. Use curve A of
Figure 13 to obtain the correction coefficient for velocity pressures
above 30 feet [9.1 n]. Curve Ais a plot of Equation (10). The

correction factor, C below 30 feet [9.1 n] is equal to 1.0

C =(h) 2/7 (hin feet) (10)
(30 )

= (_h ) 2/7 [hin neters] (11)
(9.1)

d) Correction for Exposure Conditions. Do not use
correction coefficients for exposure with criteria in this section
except with specific approval of NAVFAC Code 15C or NFESC ESCOOCES.

7.2.2 Design Wnd Pressure. Determne the design wind pressure
for elenments of buildings and other structures by the applicable
velocity pressure q (obtained in accordance with Equation (9) or
Figure 13) and considering the correction coefficient for height

mul tiplied by the applicable pressure coefficient (Tables 14 to 23
and Figures 14 to 17).

7.3 Purlins, Grts, Sheathing, Siding, Fastenings, Walls, and
Doors. The design loading for purlins, girts, sheathing, siding,
fastenings, walls, and doors consider:

a) Negative external pressure (suction) plus interna
pressure acting outward as a bursting force.

b) External pressure, plus internal pressure acting inward
as an internal suction.

c) In the above | oading conbinations, the internal
pressures are assuned to be uniformy distributed over the interior
surface of the buil ding.
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Multiply values in "mph" by .44704 to get "m/s"
Figure 12

Peak Gust Windspeeds (mph) [m/s] at 30 Feet [9.1 m] Aboveground
(25-year Recurrence Interval)
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Tabl e 12
Wnd and Frost Penetration Data for Contiguous States
W nd (peak Fr ost
Locati on gust vel ocity) Penetration
(mph) [nTs] (inches) [mm

ALABANA:

Br ookl yn AFB, Mobil e 121 54 6 150

Maxwel | AFB, Montgonery 91 41 9 230

Mobi | e 121 54 6 150

Mont gonery 91 41 6 150
ARl ZONA

Davi s Mont han AFB, Tucson 76* 34* 91 2300

Luke AFB, Phoeni x 91 41 7 180

Wl lians AFB, Phoeni x 78* 35* 7 180

Phoeni x 81 36 7 180
ARKANSAS:

Little Rock AFB, Little Rock 90 40 15 380
CALI FORNI A:

Castl e AFB, Merced 61* 27* 5 130

Ham | ton AFB, San Franci sco 84 38 5 130

March AFB 59* 26* 5 130

Mat her AFB, Sacranento 101 45 5 130

Travis AFB, Fairfield 74* 33* 5 130

Vandenberg AFB, Lonpoc 72*  32* 5 130

San Di ego 64* 29* 0 0

Pasadena 72*  32* 0 0

Long Beach 72*  32* 0 0

San Franci sco 85 38 5 130

Cakl and 85 38 5 130

Mare | sl and 84 38 5 130

Sacranment o 107 48 5 130

St ockt on 92 41 5 130

Chi na Lake 70*  31* 5 130
COLORADC

Lowy AFB, Denver 70*  31* 60 1500

Denver 70*  31* 60 1500
CONNECTI CcUT

New London 81 36 35 890

New Haven 81 36 35 890
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Tabl e 12 (Conti nued)
Wnd and Frost Penetration Data for Contiguous States

W nd (peak Fr ost
Locati on gust vel ocity) Penetration
(nmph) [ s] (inches) [m]

DELAWARE:

Dover AFB, Dover 93 42 20 510

Lewes 115 51 20 510
FLORI DA:

Eglin AFB, Val parai so 127 57 5 130

Homest ead AFB, Honest ead 127 57 0 0

McDi || AFB, Tanpa 91 41 2 50

Patrick AFB, Cocoa 125 56 2 50

Jacksonvill e 104 46 2 50

M am 125 56 0 0

Key West 122 55 0 0

Pensacol a 127 55 2 50

Tanpa 87 39 2 50
GEORA A:

Hunt er AFB, Savannah 104 46 5 130

Robi ns AFB, \War ner Robi ns 78* 3b5* 5 130

Turner AFB, Al bany 83 37 5 130

August a 83 37 5 130

At | ant a 86 38 7 180

Savannah 104 46 3 75

Macon 85 38 5 130
| DAHO:

Mount ai n Hone AFB, Muntain Hone 83 37 40 1000
| LLI NO S:

Chanut e AFB, Rant oul 93 42 35 890

Scott AFB, Belleville 82 37 35 890

Chi cago 90 40 83 2100
| NDI ANA:

Fort \Wayne 88 39 40 1000

| ndi anapolis 104 46 30 760
| ONA:

Sioux City 102 46 54 1400
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Tabl e 12 (Conti nued)
Wnd and Frost Penetration Data for Contiguous States

W nd (peak Fr ost
Locati on gust vel ocity) Penetration
(mph) [nTs] (inches) [mm

KANSAS:

For bes AFB, Topeka 108 48 30 760

Schilling AFB, Salina 102 46 24 610
KENTUCKY:

Lexi ngt on 91 41 18 460

Louisville 91 41 18 460
LOUI SI ANA:

Bar ksdal e AFB, Shreveport 67* 30* 5 130

Chennault AFB, Lake Charles 121 54 4 100

New Ol eans 121 54 2 50
MAI NE:

Dow AFB, Bangor 98 44 75 1900

Loring AFB, Cari bou 92 41 75 1900

Port| and 99 44 65 1700

Bangor 98 44 72 1800
MARYLAND:

Andrews AFB, Washington, DC 87 39 25 640

Bal ti nore 90 40 22 560

Lexi ngt on Park 104 46 22 560
MASSACHUSETTS:

L. G Hanscom Fi el d, Boston 108 48 50 1300

Qis AFB, Cape Cod 121 54 50 1300

West over AFB, Springfield 86 38 70 1800

Bost on 108 48 50 1300

Springfield 86 38 70 1800
M CHI GAN:

Ki nchel ow AFB, Sault Ste. Marie 97 43 65 1700

Sel fridge AFB, Detroit 79* 35* 50 1300

Detroit 76* 34* 50 1300
M NNESOTA:

M nneapolis, St. Paul |AP 90 40 75 1900

M nneapol i s 90 40 75 1900

Dul ut h 98 44 75 1900

76



M L- HDBK- 1002/ 2A

Tabl e 12 (Conti nued)
Wnd and Frost Penetration Data for Contiguous States

W nd (peak Fr ost
Locati on gust vel ocity) Penetration
(mph) [nTs] (inches) [mm

M SSI SSI PPI

Jackson 104 46 3 75

Meri di an 104 46 5 130

Qul f port 127 57 5 130
M SSOURI

Kansas Gty 89 40 28 710

St. Louis 81 36 27 690
MONTANA:

Mal mstrom AFB, Great Falls 83 37 75 1900
NEBRASKA:

O futt AFB, Omha 97 43 55 1400

Omaha 97 43 55 1400

Hast i ngs 104 46 53 1300
NEVADA:

Nel l'is AFB, Las Vegas 90 40 8 200

St ead AFB, Reno 92 41 23 580

Fal | on 92 41 12 300

Hawt hor ne 92 41 30 760

Reno 95 42 23 580
NEW HAMPSHI RE:

Pease AFB, Portsnouth 105 47 60 1500

Port snout h 104 46 60 1500
NEW JERSEY:

McGQuire AFB, Trenton 85 38 30 760

Atlantic Gty 99 44 20 510

Bayonne 84 38 30 760
NEW MEXI CO

Cannon AFB, dovis 78* 35* 15 380

Hol | oman AFB, Al anpgor do 81 36 20 510

Wal ker AFB, Roswel | 86 38 15 380

Al buquer que 99 44 17 430
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Tabl e 12 (Conti nued)
Wnd and Frost Penetration Data for Contiguous States

W nd (peak Fr ost
Locati on gust vel ocity) Penetration
(mph) [nTs] (inches) [mm

NEW YORK:

Giffis AFB, Rone 82 37 50 1300

Pl att sburg AFB, Pl attsburg 91 41 70 1800

Stewart AFB, Newburgh 88 39 45 1100

Buf fal o 91 41 35 890

Al bany 79* 35* 54 1400

New Yor k 84 38 40 1000

Syracuse 82 37 56 1400
NORTH CARCLI NA:

Pope AFB, Fayetteville 74* 33* 9 230

Charlotte 90 40 8 200

W | m ngt on 132 59 5 130

Cape Hatteras 132 59 5 130

Cherry Poi nt 115 51 5 130

Canp LelJeune 115 51 5 130
NORTH DAKOTA:

G and Forks AFB, G and Forks 99 44 25 640

M not AFB, M not 99 44 15 380
OH O

Wi ght - Patt erson AFB, Dayton 92 41 15 380

Col unbus 92 41 15 380

Ci nci nnat i 92 41 10 250
OKLAHOVA:

Ti nker AFB, Ol ahoma City 92 41 20 510
OREGON:

Portland Int. Airport 115 51 6 150

Port | and 115 51 6 150
PENNSYLVANI A:

A nmstead AFB, Harrisburg 72*  32* 35 890

Harri sburg 85 38 30 760

Pi ttsburgh 83 37 38 970

Phi | adel phi a 81 36 30 760
RHODE | SLAND:

Provi dence 114 51 45 1100
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Tabl e 12 (Conti nued)
Wnd and Frost Penetration Data for Contiguous States

W nd (peak Fr ost
Locati on gust vel ocity) Penetration
(mph) [nTs] (inches) [mm

SOUTH CAROLI NA

Parris Island 120 54 6 150

Charl eston 122 55 3 75
SOUTH DAKOTA:

Ell sworth AFB, Rapid City 106 47 55 1400
TENNESSEE:

Sewart AFB, Snyrna 95 42 10 250

Menphi s 92 41 10 250
TEXAS:

Amarillo AFB, Amarillo 120 54 20 510

Ber gstrom AFB, Austin 86 38 4 100

Bi ggs AFB, El Paso 92 41 6 150

Carswel | AFB, Ft. Wrth 85 38 12 300

Dyess AFB, Abil ene 100 45 10 250

El | i ngt on AFB, Houst on 90 40 3 75

Kel l ey AFB, San Antonio 88 39 4 100

Kingsville NAS, Kingsville 105 a7 4 100

Reese AFB, Lubbock 86 38 15 380

Sheppard AFB, Wchita Falls 85 38 15 380

Cor pus Chri sti 115 51 2 50

El Paso 92 41 6 150

Fort Worth 79* 35* 10 250

Gal vest on 101 45 3 75

Houst on 92 41 3 75

San Ant oni o 75*  34* 4 100

Amarillo 120 54 20 510
UTAH:

H 1l AFB, Ogden 93 42 35 890

Salt Lake City 88 39 35 890
VERMONT

Burl i ngton 91 41 35 890
VI RA NI A:

Langl ey AFB, Hanpton 109 49 6 150

Newport News 106 47 10 250

Nor f ol k 106 47 10 250
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Tabl e 12 (Conti nued)
Wnd and Frost Penetration Data for Contiguous States

W nd (peak Fr ost
Locati on gust vel ocity) Penetration
(mph) [nTs] (inches) [mm

VIRA NI A (continued):

Ri chrmond 88 39 14 360

Vi rgi ni a Beach Coast 115 51 14 360

Yor kt own 100 45 14 360
WASHI NGTON:

Fai rchild AFB, Spokane 65* 29* 91 2300

Larson AFB, Mbses Lake 72* 32* 35 890

McChord AFB, Tacona 83 37 10 250

Brenerton 83 37 8 200

Seattle 83 37 8 200

Spokane 91 41 30 760

Pasco 75*  34* 25 640

Tacoma 83 37 8 200
VEST VI RG NI A

Char | est on 81 36 30 760
W SCONSI N:

Truax Field, Mdison 114 51 50 1300

M | waukee 112 50 54 1400

G een Bay 100 45 54 1400
WYOM NG

Francis E. Warren AFB, Cheyenne 99 44 70 1800
WASHI NGTQON, DC 92 41 20 510

* Use a mininmum of 80 nph [36 nis] for design.
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Tabl e 13
W nd and Frost Penetration Data for Locations
O her Than the Contiguous States

W nd (peak Fr ost
Locati on gust vel ocity) Penetration
(nmph) [ s] (i nches) [ i
AFRI CA:
Li bya:
Wheel us AB 84 38 0 0
Mbr occo:
Casabl anca 84 38 0 0
Port Lyautey NAS 84 38 0 0
AS| A:
| ndi a:
Bonbay 85 38 0 0
Cal cutta 106 47 0 0
Madr as 86 38 0 0
New Del hi 85 38 0 0
Japan:
| tazuke AB 92 41 6 150
Johnson AB 104 46 6 150
M sawa AB 94 42 18 460
Tachi kawa AB 98 44 6 150
Tokyo 98 44 6 150
Wakkanai 115 51 36 910
Kor ea:
Ki npo AB 72* 32* 30 760
Seoul 72* 32* 30 760
Ui j ongbu 59* 26* 36 910
Paki st an:
Peshawar 82 37 6 150
Saudi Arabi a:
Bahrain | sl and 81 36 0 0
Dhahran AB 81 36 0 0
Tai wan:
Tai nan 120 54 0 0
Tai pei 130 58 0 0
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Tabl e 13 (Conti nued)
Wnd and Frost Penetration Data for
O her Than the Contiguous States

Locati ons

W nd (peak Fr ost
Locati on gust vel ocity) Penetration
(nph) [ s] (inches) [mmj
ASI A (conti nued):
Thai | and:
Chi ang Mai 78* 35* 0 0
Bangkok 78* 35* 0 0
Sattahip 85 28 0 0
Udont hani 63* 28* 0 0
Tur key:
Ankar a 92 41 24 610
Kar amur sel 105 47 12 300
Vi et nam
Da Nang 120 54 0 0
Nha Trang 94 42 0 0
Sai gon 94 42 0 0
ATLANTI C OCEAN AREA:
Ascensi on | sl and 62* 28* 0 0
Azor es:
Lajes Field 117 52 0 0
Ber muda 127 57 0 0
CAR| BBEAN SEA:
Bahama | sl ands:
El eut hera | sl and 138 62 0 0
Grand Bahama | sl and 138 62 0 0
Grand Turk I sland 150 67 0 0
G eat Exumm | sl and 138 62 0 0
Cuba:
Quant ananmo NAS 90 40 0 0
Leeward | sl ands:
Antigua I sl and 138 62 0 0
Puerto Ri co:
Raney AFB 93 42 0 0
San Juan and Sabana Seca 116 52 0 0
Vi eques Isl./Roosevelt Rds 138 62 0 0
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Tabl e 13 (Conti nued)
W nd and Frost Penetration Data for

Locati ons

O her Than the Contiguous States

W nd (peak Fr ost
Locati on gust vel ocity) Penetration
(mph) [nTs] (inches) [mm
CARI BBEAN SEA (conti nued):
Trini dad | sl and:
Port of Spain 55* 25* 0 0
Trini dad NS 55* 25* 0 0
CENTRAL AMERI CA:
Canal Zone:
Al br ook AFB 62* 28* 0 0
Bal boa 62* 28* 0 0
Coco Sol o 52* 23* 0 0
Col on 58* 23* 0 0
Cri st obal 58* 28* 0 0
France AFB 58* 28* 0 0
EUROPE:
Engl and:
Bi r m ngham 83 37 12 300
London 88 39 12 300
M | denhal | AB 97 43 12 300
Pl ymout h 87 39 12 300
Scul t hor pe AB 92 41 12 300
Sout hpor t 97 43 12 300
Sout h Shi el ds 92 41 12 300
Spurn Head 92 41 12 300
France:
Nancy 81 36 18 460
Pari s/ LeBour get 94 42 18 460
Rennes 102 46 18 460
Vi chy 114 51 24 610
Cer many:
Br enmen 79* 35* 30 760
Muni ch- Rei m 91 41 36 910
Rhei n- Mai n AB 79*  35* 30 760
Stuttgart AB 84 38* 36 910
G eece:
At hens 86 38* 0 0
Souda Bay 80 36 0 0
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Tabl e 13 (Conti nued)
W nd and Frost Penetration Data for Locations
O her Than the Contiguous States

W nd (peak Fr ost
Locati on gust vel ocity) Penetration
(mph) [nTs] (inches) [mm
EUROPE (conti nued):

| cel and:
Kef | avi k 115 51 24 610
Thor shof n 136 61 36 910

Italy:
Avi ano AB 74*  33* 18 460
Bri ndi si 102 46 6 150
La Maddal ena 80 36
Si gonel | a- Cat ani a 90 40

Scot | and:
Aber deen 84 38 12 300
Edi nbur gh 92 41 12 300
Edzel | 84 38 12 300
A asgow Renfrew Airfield 92 41 12 300
Lerwi ck, Shetland I sl ands 104 46 18 460
Londonderry 124 55 12 300
Prest wi ck 93 42 12 300
St or noway 112 50 12 300
Thur so 98 44 12 300

Spai n:
Madrid 77  34* 6 150
Rot a 87 39 0 0
San Pabl o 109 49 6 150
Zar agoza 109 49 6 150

NORTH AMERI CA:

Al aska:
Adak, Al eutian I|slands 124 55 24 610
Anchor age 97 43 60 1500
Annette 94 42 24 610
Attu 178 80 24 610
Bar r ow 109 49 *x *x
Bet hel 94 42 60 1500
Col d Bay 110 49 36 910
Cor dova 94 42 48 1200
Ei el son AFB 75*  34* 60 1500
El mrendorf AFB 93 42 60 1500
Fai r banks 75%  34* 60 1500
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Tabl e 13 (Conti nued)
W nd and Frost Penetration Data for Locations
O her Than the Contiguous States

W nd (peak Fr ost
Locati on gust vel ocity) Penetration
(nmph) [ s] (inches) [mm]
NORTH AMERI CA (conti nued):

Al aska (conti nued):
Ganbel | 130 58 48 1200
Juneau 92 41 36 910
Ki ng Sal non 115 51 60 1500
Kodi ak 116 52 48 1200
Kot zebue 122 55 ** **
MG at h 85 38 84 2100
M ddl eton | sl and AFS 125 56 48 1200
N kol ski, Umak | sl and 129 58 36 910
None 120 54 * * * *
Nor t heast Cape AFS,
St. Lawrence |sland 133 59 48 1200
Shenya | sl and 178 80 24 610
St. Paul |sland 105 47 36 910
Um at 112 50 * * * *
Wl es 105 47 * * * *
Yakut at 99 44 36 910

Canada:
Argentia NAS, Newf oundl and 107 48 36 910
Churchill, Manitoba 100 45 * * * *
Col d Lake, Al berta 75*% 34* 72 1800
Ednont on, Al berta 78* 3b5* 60 1500
E. Harnon AFB, Newfoundl and 105 47 60 1500
Fort Wlliam Ontario 75*% 34* 60 1500
Frobi sher, N WT. 100 45 * % * *
Goose Airport, Newf oundl and 83 37 60 1500
Otawa, Ontario 84 38 48 1200
St. John's, Newfoundl and 106 47 36 910
Toronto, Ontario 84 38 36 910
W nni peg, Manit oba 76* 34* 60 1500

G eenl and:
Nar sar ssuak AB 129 58 60 1500
Si m utak AB 154 69 60 1500
Sondr estrom AB 112 50 * * * *
Thul e AB 132 59 * * * *

85



M L- HDBK- 1002/ 2A

Tabl e 13 (Conti nued)
W nd and Frost Penetration Data for Locations
O her Than the Contiguous States

W nd (peak Fr ost
Locati on gust vel ocity) Penetration
(nph) [mM s] (inches) [mmM
PACI FI C OCEAN AREA:
Australi a:
H E. Holt, NW Cape 130 58 0 0
Caroline Islands:
Koror, Pal au | sl ands 95 42 0 0
Ponape 109 49 0 0
Hawai i :
Bar ber's Poi nt 67* 30* 0 0
H ckam AFB 79* 35* 0 0
Kaneohe Bay 84 38 0 0
Wheel er AFB 63* 28* 0 0
Hawai i an | sl ands:
Hawai i * * 0 0
Kahool awe * * 0 0
Kauai * * 0 0
Lanai * * 0 0
Maui * * 0 0
Mbl okai * * 0 0
Ni i hau * * 0 0
Gahu * * 0 0
Johnst on | sl and 72* 32* 0 0
Mari ana | sl ands:
Agana, Guam 155 69 0 0
Ander sen AFB, Guam 155 69 0 0
Kwaj al ei n 104 46 0 0
Sai pan 150 67 0 0
Ti ni an 150 67 0 0
Mar cus | sl and 150 67 0 0
M dway | sl and 87 39 0 0
ki nawa:
Kadena AB 184 82 0 0
Naha AB 178 80 0 0

86



M L- HDBK- 1002/ 2A

Tabl e 13 (Conti nued)
W nd and Frost Penetration Data for Locations
O her Than the Contiguous States

W nd (peak Fr ost
Locati on gust vel ocity) Penetration
(mph) [nTs] (inches) [mm
PACI FI C OCEAN AREA (conti nued):
Phi | i ppi ne |Isl ands:
Cl ark AFB 87 39 0 0
Sangl ey Poi nt 68* 30* 0 0
Subi ¢ Bay 77 34* 0 0
Sanmpa | sl ands:
Api a, Upolu Island 147 66 0 0
Tutuila, Tutuila Island 147 66 0 0
Vol cano | sl ands:
lwo Ji ma AB 206 92 0 0
Wake | sl and 86 38 0 0

* Use a mnimmof 80 nph [36 ms] for design.
** Per maf r ost

87



MIL-HDBK-1002/2A

2/7 [h in meters]

C=(h)
(9.1)
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Multiply wvalues in "pounds per sguare foot® by 0.04788 to get values
in "kPa"

Multiply wvalues in "feet" by 0.3048 to get values in "meters"

Multiply values in "miles per hour" by 0.44704 to get values in
"meters per second”

Figure 13

Velocity Pressure and Variation of Velocity Pressure
With Height Aboveground
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Table 14

External Pressure Ceoefficient (Cg) for Average Loads
onn Main Wind - Force Resisting System

' .
J_ - End Walle WALL PRESSURE CCEFFICIENTS
SURFACE L/B
L L ) CP
L 2 1
WINDWARD ALL 0.8
WALL VALUES
¢ LEEWARD| ©-l -0.5
- WALL 2 -0.3
pl ¥ %) 4 0.2
Wind
- BD ALl 0.7
WALLS | VALUES
L J
ROCF PRESSURE. OCEFFICTENTS Cp
Windward Leeward
Angle 8 Degrees
Wind
Direction! h/L 0 10-15 20 30 40 50 60
.3 | 0.7 0.2* 0.2 0.3 0.4 0.5 l0.018{ 0.7
Normal 0.5 |-0.7 0.9 -0.7% {-0.2 0.3 0.5 {0.018| for all
to 1.0 | -0.7 -0.9 0,75 | -0.2 0.3 | 0.5 ]0.016| values
Ridge 2t.5 | -D.7 0.9 0.9 |-0.9 |-0.35 |-0.21 [0.018§ of h/L
Parallel !b/B or
to b/ <2.5 . -0.7 -0.7
Rldge h/E or
/L 2.9
-0.8 -0.8
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Tabl e 14 (Conti nued)
External Pressure Coefficient (C) for Average Loads
on Main Wnd - Force Resisting System

The coefficient of -0.9 shall be used for roofs rising from
ground level. Roofs with other slopes and/or buildings wth
other h/L values are to be designed using the same pressure
val ues whether the roof rises fromthe ground or the roof
begi ns aboveground.

h: Mean roof height in feet except that eave hei ght may be
used for g < 10 degrees.

Not es:

1. See Table 19 for arched roof, Tables 15 and 16 for conponents
and cl adding and Table 18 for internal pressures.

2. + and - signs signify pressure acting toward and away fromthe
surfaces, respectively.

3. Linear interpolation my be used for values of g and h/L ratios

ot her than those shown.
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Table 15
External Pressure Coefficient (Cp) for Loads on Building
Components and Cladding for Buildings With M=an Roof Height
h < 60 ft. (h < 18 m] - Walls

1. Notes apply to both

Table 15 and Table 16. E 3

2. Notationsa: -Log Lebwald i
: Whll =

a = 10X of minimum width or asE 3
0.4h, whichaver 1s = 5
smaller, but not leas ; G£ 3

than 4% of minimum width ab wJ 2

or 3 £t. 0.9 m] T E - _a

+ and - signs signify pressures o 3 3
acting toward and away from 3 §
surfaces respectively. é WM..LS{ALL Y ﬂ

3. When 6 S 10°, Cp may be reduced €y @ 3 >
by 10%. = 3

3 Windyard 3

4. Tributary area for a component i Walls 3
is surface area that would be 3 = 5“@ e
supported by the component to 16 & 8 el 3
transmit the wind lcads and le ' 3
not the same as influence area = E
considered for live loads. 1.8 E 3

10 20 $0 109 200800 10940 .
Tridbutary Area (12}

Multiply "sqg. ft." by 0.0929 to get values in "sg. m"
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Table 16

External Pressure Coefficient {(C;) for Loads on Building
Components and Cladding for Buildings With Mean Roof Height
h « 60 ft. [h <« 18 m] - Roofs

us ]
ROQFS
t>g
2.8 <nt
3.8 >
| &
. r-_-‘.-_.*.
i WAO] : : i
% { t
1.0 ; ( CDt
\ ‘ ! =
4 \QK ); = :"'@
i
bo-f-—bt—y
A _— I
-
4 3 .
T 8 10 19 10 100 Boe 18
Tributary Area [115) :go::‘ E ‘
:I rﬁ_ ) L <1 -uF a
1 ‘ 5
Tt 3 i O] 3
@‘ ] | | : uL -t.0 SE—
:Hl ' 3 j 0% 3
i X ‘@l -uk m’ ; .g-': ROO"..‘“'—-—E
I % F - 1 S 3
©\:z\! 'L g = of ,
el ) MR I 2 k 4
. 1 3
a.8 -_-.&)- ug
4 -l 4
as 108 0] € “G> y
.:2'. . *Tl¢ 10 e %0 200 208 "'E 19 0 W 100 ma l-cn‘
Teibutery Arou (117} Trivulary Arpq H140)

Multiply "sqg. £t.” by 0.0929 to get wvalues in "sg. m"
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BExternal Pregsure Coefficient

Table 17

(Cp) for Loads on Building

Components and Cladding for Buildings With Mean Roof Height
h = 60 ft. [h > 18 m]- Roofs and Walls]

1.

NOTES:

If & parapet is provided around the roof
perimater, Zones 3 & 4 may be treated as Zone
2. Minimum parapet height required to
realize these reduced pressures is 24 inches.

For roofs
Tables 15

Notations
whichever
pressures
surfaces,

Tributary
area that

with slopes > 10*, use cp trom
& 16,

-- a; 51 of min{mum width or 0.5h,
ig amaller; + and - aigns signify
acting toward and away from the
reapectively.

area for a componant Ls surface
would be pupported by the component

to transmit the wind loads, and is pot the
gema as Influence considered for live loads.

l"'—‘— d —""'4 Trivutary Aree LtT)

‘ \ +.0 I ! : 1
1» t ROOE!-% e WALLS
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Table 18
Internal Pressure Coefficients for Buildings*
Condi ti on c,

1. Percentage of opening area in one wall +0. 50
exceeds that of all other walls by 10% -0.17
or nore, and opening area in all other
wal | s do not exceed 20% of respective
wal | areas

2. Al other cases +/- 0.17

* | nternal

pressures are additive to external pressures
I n accor dance \Mth qtotal = qexternal + (-qinternal)

Table 19
External Pressure Coefficients for Arched Roofs
Ri se-t 0- Span W ndwar d Center Leeward
Ratio, r Quarter Hal f Quarter
Roof on 0.0 <r <0.2 - 0.9 (-0.7 - r)| -0.50
elevated 0.2 </ =71 </ 0.3(2.5r - 0.3)*|(-0.7 - r)l -0.50
structure 0.3 </ =r </=0.6 (2.75r - 0.7) | (-0.7 - r)| -0.50
Roof
Springing | 0.0 <r </ 0.6 1.4 (-0.7 - r)| -0.50
at ground
| evel
* \When the rise-to-span ratiois (0.2 </ =r </ =0.3),
alternative coefficients given by (6r - 2.1) also shall be used

for the windward quarter
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Tabl e 19 (Conti nued)
Ext ernal Pressure Coefficients for Arched Roofs

Not es:

1. Values shown are for average | oads on main w nd-force
resi sting system
2. + and - signs signify pressure acting toward and away from
the surface respectively.
3. For conponents and cl addi ng:
a) At roof perineter, use external pressure coefficients in
Tabl es 15 and 16, wth O based on spring |ine sl ope.
b) In remaining roof areas, use external pressure
coefficients of this table, multiplied by 1.2.
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Tabl e 20

Pressure Coefficients and Locati on of Center of Pressure for
Fl at Roofs Over Open Buil dings and O her

Structures

Pressure Coefficient

B/ L
[t het a] 1/5 1/3 1/ 2 2 3 5
10 deg 0.2 0. 25 0.3 0. 45 0.55 0.7 0.75
15 deg 0.35 0.45 0.5 0.7 0. 85 0.9 0. 85
20 deg 0.5 0.6 0.75 0.9 1.0 0. 95 0.9
25 deg 0.7 0.8 0. 95 1.15 1.1 1.05 0. 95
30 deg 0.9 1.0 1.2 1.3 1.2 1.1 1.0
Location of Center of Pressure, XL
B/ L
[t het a] 1/5to 1/2 1 2tob
10 deg 0. 35 0.3 0.3
15 deg 0. 35 0.3 0.3
20 deg 0. 35 0.3 0.3
25 deg 0. 35 0.3 0.4
30 deg 0. 35 0.4 0. 45
Not es:
1. Wnd forces act normal to surface and nay be directed i nward
or outward.
2. The wind shall be assumed to deviate by +/- 10 degrees from
hori zont al .
3. Notation:
[theta]: Angle of plane roof from horizontal.
X: Distance to center of pressure fromw ndward edge
of roof.
B: Building plan dinension, perpendicular to w nd
direction.
L: Building plan dinension, parallel to w nd

di recti on.
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Tabl e 21
Pressure Coefficients for Chimeys, Tanks, and Simlar Structures

Shape Type of Surface h/ D
1 7 25
Square (wind normal to a Al | 1.3 1.4 2.0
face)
Square (w nd al ong Al | 1.0 1.1 1.5
di agonal )
Hexagonal or octagonal
D[SQRT] q > 2.5 [170] All 1.0 1.2 1.4
Round Moder at el y snoot h 0.5 0.6 0.7
D[SQRT] q > 2.5 [170] Rough (D /D=0.02) 0.7 0.8 0.9
Very rough
(D / D=0. 8) 0.8 1.0 1.2
Round D [ SQRT] g < 2.5 [170] All 0.7 0.8 1.2
Not es:

1. The design wind force shall be cal cul ated based on the
area of the structure projected on a plane normal to the
wi nd direction. The force shall be assuned to act
parallel to the wind direction.

2. Linear interpolation nmay be used for h/D val ues ot her
t han shown.

3. Notation:
D: Dianeter or least horizontal dinension in feet [m
D : Depth of protruding elenents such as ribs and
spoilers in feet [mmi
h: Height of structure in feet [mn]
g: From Equations (9)in feet [and (8) in kPa]
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Tabl e 22
Pressure Coefficients for Solid Signs

At Ground Level

MN< / =3 5 8 10 20 30 >/ = 40

. 1.2 1.3 1.4 1.5 1.75 1.85 2.0

Above Ground Level

MN </ =6 10 16 20 40 60 >/ = 80
C 1.2 1.3 1.4 1.5 1.75 1.85 2.0
Not es:
1. Signs with openings of |ess than 30% of gross area shall be
consi dered solid signs.
2. Signs for which the distance fromground to bottom edge is

less than 0.25 tines the vertical dinension shall be
considered to be at ground |evel.

To allow for both normal and oblique w nd directions,
two cases shall be considered:

a) Normal wind actions at geonetric center, and

b) The sane, total normal force as in Note a) acting at
the I evel of the geonetric center, but at a distance
fromw ndward edge of 0.3 tines the horizonta
di mensi on of the sign.

Not at i on:
M Larger dinension of sign in feet [nmm
N.  Smaller dinmension of sign in feet [nmmM
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Tabl e 23

Pressure Coefficients for Open Signs and
Latticed Frameworks

Ratio of Solid Rounded Menbers

Area to Goss |Fl at-Sided
Ar ea Menber s DO SQRT]q < 2.5[170]| O SQRT] g > 2.5[170]
(e

Less than 0.1 2.0 1.2 0.8

0.1 to 0.29 1.8 1.3 0.9

0.3. to 0.7 1.6 1.5 1.1
Not es:

1. Signs with openings of 30 percent or
classified as open signs.

nmor e of gross area are

2. The design wind forces shall be cal cul ated based on the
area of exposed nenbers and el enents projected on a pl ane
normal to the wind direction. Forces shall be assuned to
act parallel to the wind direction.

3. Not at i on:

Do D aneter of a typical round nmenber in feet [nmm
g: From Equations (9) in feet [and (8) in kPa]
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EXTERNAL WND-PRESSURE COEFFICIENTS
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Figure 14
Pregsure Coefficients for Compound Rocf Shapes
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FOR CURVED RQOFS OMN QPEN SHEDS

s * 30" OR MORE 4 ¢ LESS THAN 30°

EXTERNAL M US INTERNAL WIND-PRESSURE COEFFICIENTS
FOR GABLE ROOFS ON OPEN SHEDS

Figure 15
Pressure Coefficients for Open Sheds
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Total projected area of members on one side of the structure.
Total area within the limiting lines for one side of the

structure.
n In the diagram applies to trusses and latticed members except

triangular towers.

&

Pressure Coefficient

Type of Structures on Projected Area
‘Double parallel sclid girder 1.10
‘Double parallel trusses and
o NP

Double parallel latticed members

|
‘Girders and trusses with m parallel

‘members where m is more than 2 1.5 + (m-2) 0.5
‘Towers
Square cross section, wind on face — O 1.6 (1 + n)
Square crose section, wind on corner — [ 1.92 (1 + n)
Triangular cross section, wind on face — A 2.28
Triangular cross sectilon, wind on corner — A 1.93
Notes:
1. For single, open-lattice frameworks, see Table 23.

2. Use 2/3 of above values for round members.

Figure 16
Pressure Coefficients for Structures Having Multiple Presentments
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ANGLE OF ATTACK, &
Drwg wnd Lilt Coolficionrs for Wirn and Coble

DRAG AND LIFT FORCES

DRAG = 2.133 (cdv’) C, x 10 Kips [= 6.132 (cdv’) Cp x 107 KN]
LIFT = 2.133 (cdv’) C. x 10 Kips [= 6.132 (cdv®) Cp x 107/ kN]
Where ¢ = chord length of cable in feet [m]
d diameter of cable in inches [mm]
v wind velcocity in mph [m/s] (usually taken as velocity
at mid-height of cable)

Note: LIFT for leeward cable is positive acting upward.

Figure 17
Wind Forces on Guy Wires and Cables
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7.4 Eaves and Cornices. Design overhangi ng eaves and cornices
for an upward pressure of twi ce the external pressure.

7.5 Class A Structures. Criteria on wind | oads and their
effect on bridge structures are contained in the AASHTO St andard HB-
13, Standard Specifications for H ghway Bridges and the AREA Manua
for Railway Engi neering.

7.6 Speci al Conditi ons
7.6.1 Wnd on Berthed Vessel. Refer to DV 26 seri es.
7.6.2 Prefabricated Buildings of Standard Manufacture. Not hing

in this handbook precludes acquisition of standard prefabricated
bui I dings. Design such buil dings, however, for adequacy under

| oadi ng conbi nations specified in this handbook (e.g., snow, w nd,
and seismc).

7.6.3 Mobil e Hone Ti e- Downs

a) Hurricanes in the Gulf Coast area have caused extensive
damage to nobile hones. Many of these units appear not to have
enpl oyed tie-down devices. Although sonme had rods which anchored the
chassis to the foundation, internal connections in the superstructure
were unable to resist the wind forces. It is believed that over-the-
roof ties would have prevented nost of this |oss.

b) Simlar damage resulted fromHurricane Camlle (1969)
and other major storns. To reduce danage due to high w nds, nobile
homes shoul d be adequately anchored. Over-the-roof anchorage appears
to be preferable. |If anchor connections are at the first floor
| evel, the units should be analyzed to determ ne the adequacy of the
floor-to-wall and floor-to-roof connections.

7.6.4 W nd- 1 nduced Vi brations

a) |In general, tanks, towers, and stacks are drag-
sensitive structures. Consequently, in the design of such
structures, investigate the effects of w nd-induced vibrations. For
further information, refer to American Society of Cvil Engineers
(ASCE), Wnd-Induced Vibrations in Antenna Menbers.

b) Failure of standard types of structural nenbers has
been attributed to wi nd-induced vibrations. Little information is
avai l able on vibrations in nenbers of | and WF shapes. However, to
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avoid vortex-shedding phenomenon, rectangular beams and girders
should have a width (parallel to wind direction)-to-depth
(perpendicular to wind direction) ratio of less than 0.75 or

greater than 3.5.

7.6.5 Cranes and Derricks. For non-operating conditions,
design cranes and derricks for external wind pressures as
described above. For criteria for operating conditions, refer to
DM-38.01.
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Section 8: EARTHQUAKE FORCES

8.1 Class A Structures. The provisions of the AASHTO
design standard apply.

8.2 Class B Structures. Design buildings in seismic areas
in accordance with NAVFAC P-355, Seismic Design for Buildings.

Design essential buildings according to NAVFAC P-355.1, Seismic
Design Guidelines for Essential Buildings. In no case shall the
requirements be less than those in NAVFAC P-355.

8.2.1 Serviceability. The criteria in NAVFAC P-355 are

intended to provide for reasonable life safety. However,

structures designed to this criteria may sustain appreciable

damage if exposed to a large earthquake (site acceleration .3g or
greater). Designs should incorporate materials and details of
construction to minimize damage that would result from strong
ground motion and the corresponding destruction and displacement
in the structure. If there is a stated requirement for the

structure to remain functional after a large earthquake, devote
additional attention to the design (refer to NAVFAC P-355.1).

8.2.2 Parts or Components. For forces on parts or components
of a structure, use the value computed in accordance with NAVFAC
P-355.

8.2.3 Earthquake Zones. Earthquake zones are indicated in
NAVFAC P-355.

8.2.4 Existing Structures. Existing buildings (except steel

braced frames and special moment resisting frames) are considered
seismically adequate if designed and constructed in accordance

with NAVFAC P-355 (1982 edition or later). Other buildings are
seismically adequate if they meet the Federal Emergency
Management Agency (FEMA) 178, NEHRP Handbook for the Seismic

Evaluation of Existing Buildings, June 1992, evaluation.
Buildings are normally evaluated for 85 percent of the demand for
new construction. Essential buildings are designed to provide
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increased performance capability. (Guidelines are available from
the Naval Facilities Engineering Service Center (NFESC), Code
ESCOOCE?9.)

8.3 Class C Structures. Criteria relating to earthquake
forces on piers and wharves are presented in MIL-HDBK-1025/1.
Criteria relating to other types of Class C structures await
development. In the interim, criteria for Class B structures
should be used to the extent applicable.
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Section 9: OTHER LOADS
9.1 Earth Pressures and Foundation Structure Loads. St andar ds

for determning earth pressures and foundation structure |oads are
contai ned in NAVFAC DM 7. 01, Soil Mechanics, and DM 7. 02, Foundations

and Earth Structures.

9.2 Fluid Pressures and Forces. Consider the followng fluid
pressures and forces in structural design.

9.2.1 Hydrostatic Pressure. Conpute as the product of liquid
hei ght tines density.

9.2.2 Wave Forces. Wave force criteria are described in

M L- HDBK- 1025/ 1, M L-HDBK-1025/4, M L-HDBK-1025/6, and DM 26 Seri es.
9.2.3 Current Forces. Current force criteria are contained in
M L- HDBK- 1025/ 1, M L-HDBK-1025/4, M L-HDBK-1025/6, and DM 26 Seri es.
9.3 Centrifugal Forces. Refer to AASHTO and AREA design

st andar ds.

9.4 Tracti on. Refer to Section 4.

9.5 Thermal Forces. Refer to Section 10, as well. Provide for

stresses or novenents resulting fromvariations in tenperature. On
cabl e structures, consider changes in cable sag and tension.
Determne the rises and falls in the tenperature for the localities
in which structures are built. Establish these rises and falls from
assuned tenperatures at tines of erection. Consider the |ags between
air tenperatures and interior tenperatures of nassive concrete
menbers or structures.

9.5.1 Tenperature Ranges. Except as indicated in the AASHTO
desi gn standard, the ranges of tenperature for exterior, exposed
el enents, generally, are:

Cimte
(degrees F) [degrees (]
Structure Mbder at e Col d
Metal ........... O to 120 [-18 to 49]| -30 to 120 [-34 to 49]
Concr et e:
Rise ......... 30 [17] 35 [19]
Fall ......... -40 [-22] -45 [ - 25]
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The design of framng wthin encl osed buil dings sel dom need
consider the forces and/or novenents resulting froma variation in
tenperature of nore than 30 degrees F [17 degrees C] to 40 degrees F

[ 22 degrees C]. The effects of such forces and/or novenents often
are neglected in the design of buildings having plan di nensions of
250 feet [76 n] or |ess, although novenents of 1/4 to 3/8 inch [6 to
10 mm] can devel op and may be inportant for buildings constructed
with long bearing walls, parallel to direction of novenent.

9.5.2 Pi pi ng. To accommodate changes in length due to thernal
vari ations, pipes frequently are held at a single point. Include the

thermal | oads fromvertical piping in buildings in the design of
support fram ng.

9.6 Friction Forces

9.6.1 Sliding Plates. Use 10 percent of the dead | oad reactions
for bronze or copper-alloy sliding plates. Consult manufacturer for
speci al systens.

9.6.2 Rockers or Rollers. Use 3 percent of the dead | oad
reacti ons when enpl oyi ng rockers or rollers.

9.6.3 Foundati ons on Earth. Criteria for foundati ons on earth
are contai ned i n NAVFAC Dwv 7. 01.

9.6.4 G her Bearings. Use the Mark’'s Standard Handbook for
Mechani cal Enqgi neers, Avall ona and Baunei ster, 1987, for
coefficients of friction. Base the forces on dead |oad reactions
pl us any applicable longtine live |oad reactions.

9.7 Shrinkage. Refer to Section 10.
9.7.1 Stress. Investigate arches and simlar structures for

stresses induced by shrinkage and rib shortening.

9.7.2 Coefficient of Shrinkage. For nmasonry structures, assune
the mninmum linear coefficient of shrinkage as 0.0002, and conpute
the theoretical shrinkage displacenent as the product of the |inear
coefficient and the I ength of the nenber.

9.8 Foundati on Di spl acenent and Settl enent. Refer to Section
11 also. Criteria for foundation displacenent and settlenent are
outlined in NAVFAC DM 7. 01 and DM 7. 02.

9.9 ce
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9.9.1 On _Ant enna Supports and Transm ssion Line Structures.
Refer to Section 6.

9.9.2 On Bridge Piers. Refer to AASHTO St andard Specifications
for H ghway Bridges, 1996.

9.10 Bl ast Loadi ng. Refer to NAVFAC P-397, Structures to Resi st

the Effects of Accidental Expl osions.
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Section 10: COMVBI NATI ONS OF LOADS

10.1 Ceneral. The following criteria stipulate conbinations of
| oads (and related |load factors or allowable stresses) to be
considered in the design of structures and foundations. Menbers
shal | have adequate strength (and stiffness) to resist applicable
conbi nati ons at applicable stresses or |load factors for said
conbi nat i ons.

10. 2 Class A Structures. The provisions of the AASHTO and AREA
desi gn standards apply.

10. 3 G ass B Structures. The provisions of Anerican Concrete
Institute (ACl)-318, Building Code Requirenents for Reinforced
Concrete, apply as foll ows:

10.3.1 Wrking Stress Design. The provisions relating to
i ncreased all owabl e stresses under par. 10.4.1 apply.

10.3.2 Exception for Plastic Design of Steel Franmes. The
provisions of Part 2 of the American Institute of Steel Construction
(AISC), Manual of Steel Construction, apply

vis-a-vis the correspondi ng provisions of ACl-318.

10. 3.3 Clarifications

a) The increased |oad factor of ACI-318 for earthquake
versus wind load is intended to apply in the design of Class B
structures of all materials.

b) The load factors of ACI-318 do not apply in designs
using materials other than concrete (or unit nmasonry).

c) The load duration factors for the design of wood
menbers are separate fromthese provisions relating to | oad
conbi nat i ons.

d) Non-concurrence of various |loads is specified
t hr oughout this handbook, and shall be considered in conbining |oads
for the purpose of design.

e) Inportance factors (or risk factors) are not used in
these criteria, except in conjunction with earthquake and snow | oads.
However, the designer should keep in mnd that the loading criteria
given herein provide the mninum |l evel of performance acceptable.
Sonme facilities may require or warrant a higher |evel of performance.
Such requirenents usually will be
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devel oped before a project reaches the design stage; however, if the
requi renent has not been identified and the designers believe it is
essential, request guidance from NAVFAC Code 15C or NFESC Code 00CES5.

f) For conbinations of |oads not covered by ACI-318, the
provi sions which followrelating to | oad conbinations for Cass C
structures apply.

10. 4 Class C Structures. The categories of "Basic Loads" and
"Loads of Infrequent Cccurrence" are defined for various types of
structures in the several topical design manuals or mlitary
handbooks, as applicable. Conbine as required for specific
applications being considered. Were specific categorization is not
presented in the topical design manuals or mlitary handbook, the
follow ng general criteria apply:

a) Dead load, live load, and inpact are basic | oads.

b) Wnd, earthquake, thermal forces, forces due to
shrinkage, forces due to differential settlenent, and unbal anced
forces due to local failures (such as guy breakage), are |oads of
i nfrequent occurrence.

10.4.1 Adj ustnment of Load Factors and All owable Stresses. Except
where specifically indicated otherwi se in the topical design manual s
or mlitary handbooks, the follow ng apply:

a) For conbinations involving basic |oads only, use the
basic al |l owabl e stresses (or |oad factors).

b) For conbinations involving basic | oads, plus one |oad
of infrequent occurrence, increase allowable stresses by 1/3, or
multiply overall load factor by 0.75. 1In no case shall the overal
factor be less than 1.10, i.e., a factor of safety of 10 percent
based on ultimte strength.

c) For conbinations involving basic | oads, plus two | oads
of infrequent occurrence, increase allowable stresses by 40 percent
or nmultiply overall load factor by 0.70. 1In no case shall the
overall factor be less than 1.10, i.e., a factor of safety of 10
percent based on ultinmate strength.

d) For conbinations involving basic | oads, plus three or
nore | oads of infrequent occurrence, design for an overall | oad
factor of 1.10, i.e., a factor of safety of 10 percent based on
ultimate strength.
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e) Apply factors in calculating ultimte strength (for
concrete nenbers).

10.4. 2 M scel | aneous Provi si ons

a) The load duration factors for the design of wood
menbers are separate fromthese provisions relating to | oad
conbi nati ons.

b) Non-concurrence of various |oads is specified variously
in this design manual and shall be considered in conbining |oads for
pur poses of design.

c) For information on inportance factors, refer to par.
10. 3.3 e).

d) The follow ng | oads are considered as of "Infrequent
Cccurrence. "

1) Inpacts of mnor mssiles (for exanple, small arns
ranges and sheddi ng of turbine blade in jet engine test cell).

2) Explosion of engine or other conponents during
testing.
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Section 11: DEFLECTI ON LI M TATI ONS

11.1 Ceneral. The provisions of the several referenced design
standards apply.

11.2 Special Criteria for Allowable Deflection of Elevator and
Escal at or Beans and Supports. Allowable deflections under static

| oads (which shall include the static equivalent of the dynamc

| oads) shall not exceed the follow ng:

11.2.1 Over head Machi ne Beans of Alternating-Current
Installations. For overhead nmachi ne beans of alternating-current
installations, and for direct-current installations where car speeds
exceed 150 fpm[0.762 nfs] - 1/2000 of the span.

11. 2.2 Over head Machine Beans of Direct-Current Installations.
For overhead nmachi ne beans of direct-current installations where car
speeds are 150 fpm[0.762 nmls] or less - 1/1666 of the span.

11. 2.3 Over head Beanms Supporting Machi ne Beans. For over head
beans supporting machi ne beans - 1/1666 of the span.

11. 2.4 Over head Sheave Beans. For overhead sheave beans - 1/ 1666
of the span.

11.3 Machi nery Supports (OQther Than El evators and Escal ators).
Design the beans or girders supporting nachines so that the nmaxi mum
deflection wll not exceed 1/500 of the span (inpact included), with
t he span taken as the distance, center-to-center, of the colums and
t he ends considered as supported without restraint. For criteria
regarding deflection limts on supports for centerline guides of
turbi ne generators, refer to par. 6.4.
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REFERENCES

NOTE: THE FOLLOW NG REFERENCED DOCUMENTS FORM A PART OF THI S
HANDBOOK TO THE EXTENT SPECI FI ED HEREIN. USERS OF TH S HANDBOOK
SHOULD REFER TO THE LATEST REVI SI ONS OF Cl TED DOCUMENTS UNLESS
OTHERW SE DI RECTED.

FEDERAL/ M LI TARY SPECI FI CATI ONS, STANDARDS, BULLETI NS, HANDBOOKS, AND
NAVFAC GUI DE SPECI FI CATI ONS:

Unl ess otherw se indicated, copies are available fromthe Naval

Publ i shing and Printing Service Ofice (NPPSO), Standardization
Docunment Order Desk, Building 4D, 700 Robbi ns Avenue, Phil adel phi a,
PA 19111-5094.

HANDBOOKS
M L- HDBK- 1002/ 1 Structural Engineering Ceneral
Requi renent s.
M L- HDBK- 1002/ 3 Steel Structures.
M L- HDBK- 1025/ 1 Pi ers and \Warves.
M L- HDBK- 1025/ 4 Seawal | s, Bul kheads, and Quaywal | s.
M L- HDBK- 1025/ 6 General Criteria for Waterfront

Constructi on.

NAVFAC DESI GN MANUALS:

Dvt 7. 01 Soi | Mechani cs.

Dvt 7. 02 Foundations and Earth Structures.

Dwvt 7. 03 Soil Dynam cs, Deep Stabilization, and
Speci al Geotechni cal Construction.

DMVt 26 Seri es Har bor and Coastal Facilities.

Dt 38. 01 Wei ght - Handl i ng Equi pnent .
OTHER GOVERNMENT DOCUMENTS AND PUBLI CATI ONS:

NAVFAC P- 355 Seism c Design for Buildings.

NAVFAC P-355.1 Sei sm c Design Guidelines for Essenti al
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